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ENGLISH ELECTRIC 


In Australia, in Canada, 


in Asia, in America, 


in Europe, in Africa, 


in every continent of the 220-kV small-oil-volume circuit-breakers in Australia 


world, Reyrolle circuit- 


breakers control and 


protect electrical supply 


at every point of the system — 


220-kV smali-oil-volume circuit-breakers in Canada 


—from generation 


at the power-station 


down to local distribution 


in the factory, 


their reliability in service 


has been proved 


under every climatic condition 


Reyrolle 


A. REYROLLE & COMPANY LTD 
HEBBURN - COUNTY DURHAM - ENGLAND 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 














CAP DE LONG: Self-hooped penstock for the 

Pragnéres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. 

Diameter 2°25 to 1°60 metres, Power 200,000 H.P. 


GRANGENT DAM on the Loire 
One of the four Crest Gates, Sector Gate Type 
(125 m. x 144 m.) during erection. 





ETABTS: BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 
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K A R | B - stage completed 


Another stage begun 








The runner for the second 140,000 H.P. 
turbine is now being installed, marking 
another big step forward in construction. 
The illustration shows this runner being 
unloaded in the underground power 
station. No. 1 Unit, the first of six that are 
being installed, has been completed and 
is now running. 


& COMPANY ing 


VILLIERS HOUSE + 41-47 STRAND + LONDON WC2 
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TRADITIONAL SWISS 
ENGINEERING SKILL AND QUALITY 


KRIENS 
t 


Bell Engineering Works Ltd. 
Kriens/Lucerne (Switzerland) 


64'000 HP Pelton Turbine Goschenen 


A century of experience in design and 

construction of waterpower-— 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 
assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 

Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 

Partially or fully automatic and remote controlled plants, 
Power house cranes, 

Towers for transmission lines, 

Water control equipment 


Some projects with Bell Equipment: 

Francis Turbines - Guyabo (EI Salvador) head 56 m, 
24’800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 
(Supply together with Charmilles) 

Pelton Turbines - Gdschenen (Switzerland) head 698 m, 
64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Kaplan Turbines - Wildegg Brugg (Switzerland) head 15,3 m 
34°000 HP - Petadjaskoski (Finnland) head 19 m, 67’600 HP 
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We are the people to come to for 


ELECTRICAL INSULATING MATERIALS 


po--- = ------ 1 From 1895 to this nuclear age we have 


| 
MICA | BUSHINGS 
MICANITE | “PANILAX” | developed electrical insulating materials to meet 
EMPIRE VARNISHED | SILICONES 
MATERIALS | PVC SLEEVINGS | the needs of the electrical industry. We are 
LEATHEROID | COPPER FACED | 
VULCANISED FIBRE | LAMINATES : 
| 
| 
| 


*“PAXOLIN” | ““SAMICA” 


proud of the part we have played in the past 





“SAMICA”, “PAXOLIN™ and “PANILAX” are| and look forward to making our contribution 


registered trade marks of 
The Micanite & Insulators Co., Ltd. | 


SEAR eR Se a ee to future progress. 








the electrical insulation people <a 


THE MICANITE & INSULATORS CO., LTD., EMPIRE WORKS, BLACKHORSE LANE, 
WALTHAMSTOW, LONDON, E.17. Tel: Larkswood 5500. Grams: Mytilite, London, Telex. 
Telex: 25183 
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HITACHI__ 


See ao 


The completion of yet another big Hitachi job was recently 
marked by the successful factory tests of a 137,500 kW 
Francis Turbine. This is the first of a pair to be built, 
together with two 125,000 kVA generators for the Miboro 
Power Station in Central Japan. 


This vertical-shaft Francis Turbine is specified for a speed 
of 225 r.p.m., a maximum effective head of 200 m. and 
76.6 m’/sec. water flow, making it one of the largest units 
of its kind in the world. Its runner has a maximum diameter 
of 3.7 m. and the main shaft a diameter of 95cm. The spiral 
casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35 m. 
and an outer diameter of 11.2 m. 


, LUT. 


Tonyo Japan 


Cable Address: "“HITACHY" TOKYO 
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CALLENDER-HAMI 


LTON BRIDGES 
DESIGN - FABRICATION - GALVANISING - INSTALLATION 














MASTS & TOWERS 





GANTRIES 


Substation structures to meet Customers’ 


specifications are undertaken by the BICC Group. 


BRITISH INSULATED CALLENDER’S CONSTRUCTION CO. LTD. 


and 
PAINTER BROTHERS LIMITED 


specialize in galvanised steel structures 





for use throughout the World. 


OVERHEAD LINES 


Contractors : BRITISH INSULATED CALLENDER’S CONSTRUCTION COMPANY LIMITED 


Steelwork : 


WATER 


30 LEICESTER SQUARE, LONDON WC 2 TELEPHONE: TRAFALGAR 7777 CABLEGRAMS: BICALCON LONDON 
PAINTER BROTHERS LIMITED, HEREFORD TELEPHONE: HEREFORD 3I0I 
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Question to Power Line Builders: 


Simple? Maybe . . . but splicing electrical conductors — even if they 
are Feral Cable—has to be done properly if the finished line is to 
be a first-class job. In fact, the splicing is of Al importance for the 
proper functioning of any transmission line. It is not only a matter 
of knowing how it should be done, but of seeing that the work is 
carried out correctly at every joint. 

For good electrical connections, both the conductor wires and the 
aluminium sleeve have to be carefully cleaned before the splice is 
made. It is important, too, that the sleeve should extend for an 
equal distance on either side of the joint. Other precautions are also 
necessary, such as seeing that the steel core is not damaged when 
the outer layers of aluminium conductor are cut away. 

When customers are confronted with problems of line construction, 
Svenska Metallverken is always prepared to help in finding solutions 
by drawing on the extensive know-how which is available in Sweden. 
Come to think of it, there’s a lot of know-how already gone in to making 


Feral Cable — reliable Swedish ACSR— available in such quantity 





and quality. 


When planning power lines, consult 


SVENSHA METALLVERHEN 


Manufacturers of Feral Cable 


FERAL CABLE DIVISION 


10 








Job done properly? When once a sleeve has been clamped 
on, it may be difficult to see whether it has been properly 


positioned over the joint. To provide an easy method of 
checking, Svenska Metallverken has developed this Position 
Gauge, which shows, quickly and precisely, whether the 


sleeve is centred or not. 





All tools and fittings necessary for ACSR line 
construction are supplied by Svenska Metallverken, in 
addition to the Feral Cable. When required, too, experts are 
sent out to help line builders with construction problems. 


VASTERAS - SWEDEN 
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Top of Surge Shaft, 

St. Fillans, Perthshire. 
Consulting Engineers : 

Sir M. MacDonald & Partners 


—*, . ; , 1 RY 

d i 4 | 
ly 
of Part of one of the Hydro-Electric contracts entrusted to 
n the Mitchell Construction Co. Ltd., the 28 ft. diameter 
” Surge Shaft and 10 ft. diameter Penstock Shaft at St. Fillans 

which form a continuous vertical shaft 800 ft. deep. 

By employing a new and specially developed method of shaft raising, 





Mitchell Construction excavated the 600 ft. Penstock Shaft 
out of solid rock at an average rate of 64 ft. per week, 
with a maximum advance of 138 ft. in one week; 


such a rate of advance would have been impossible with the employment 





of conventional techniques on a shaft of this size. 





—_——“‘éanlm'ssé£__]== 


| MITCHELL CONSTRUCTION 


_ eee" 


Building and Civil Engineering Contractors 
THE MITCHELL CONSTRUCTION COMPANY LTD 


Wharf Works, Peterborough 











P3080 
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260 kV class 


transformers 


societa 
nazionale 

delle officine 
di 
savigliano 
corso mortara 4 
torino (italy) 


electromechanical constructions 
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Liapootah Drum Gate in the 
River Nive, Tasmania. 


Gate of 36.6 m clear width and 
6.1 m retaining height, acting 
as a spillway gate of a dam. 


Section of a drum gate 


IM -A-° Ni 


HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
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BAILEY BRIDGES THE GAP... . 
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PHOTO. BY COURTESY : THE DEPARTMENT 





OF HIGHWAYS—ONTARIO. 


The Bailey Bridge—5S50 ft. long 








ne —across the Mattagami River, is 


just one of the many in constant 





use by a large volume of traffic on 


LAKE ONTARIO Highway II—part of the Trans- 














Canada Highway. 








1, STEEL RIVER. 2. FRENCH RIVER. 3. LITTLE PIC RIVER. 
4, KAPUSKANG RIVER. 5. MATTAGAMI RIVER. 


SPANNING FIVE RIVERS ON Full information on this or 
: ° any other project requiring 
Bailey Bridging is readily 

HIGHWAY II ONTARIO, CANADA cscis:.’irom: 





PHOS.STPOREY™ (engineers HFDa 


WORLD LICENSEES FOR THE MANUFACTURE AND SALE OF BAILEY BRIDGING 
PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


SFOCKPORT & LQNDON ENGLAND 


ENQUIRIES TO LONDON SALES OFFICE-6 VICTORIA STREET - WESTMINSTER SWI 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES: MICROFAB LONDON 
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SINGLE PHASE 
TRANSFORMER for three 
phase bank 150/150/50 MVA 
—220/120/10-5 kV—S0O cycles 
4 units for NIKOLA TESLA 


substation, Yugoslavia 











Shaft for 25 MVA 
horizontal type Alternator 
coupled to Pelton Wheel 

gauging the coupling 


bolt holes 





2 units manufactured for 
OESTERREICHISCHE DRAUKRAFTWERKE 


Kollnitz Reisseck power station 





ERCOLE MARELLI & C - spa. - MILANO 























Fabricated 





Platework 


by 






PIPEWORK 


We can supply low pressure Steam, 
Gas and Water Mains and high 
pressure welded unlined Water 
Piping. We also specialise in bends 
of large diameter pipes and branch 
pipes of complicated design. 














fo 


your 


DUCTS 


Ducts of rectangular design = 
for power stations or boiler houses, 

of electrically-welded construction in 
Mild or Special Steels or Aluminium Alloy, can also be supplied. 
They are accurately fabricated to suit your exact requirements. 


specitication 





Soe 
% 
> 

@ Full details of our Fabrication Service are described in our new 2 

Brochure entitled “‘FABRICATED PLATEWORK.” A copy is 


yours for the asking. 





Ww. G. ALLEN & SONS (TIPTON) LTD. P.O. BOX 4 +: TIPTON ;: STAFFS. 
Telephone: | TIPTON 1266 
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ASEA air-blast circuit-breakers for 
420 kV, 1,600 A, 15,000 MVA 
at a Swedish power station 


4 | AIR-BLAST 
cV CIRCUIT- BREAKERS 


The 600-mile transmission line from Harspranget to Hallsberg in Sweden—the first in 
the world for a service voltage of 400 kV—was inaugurated commercially on the 6th 
April, 1952, and has been in uninterrupted use ever since. 

The 8 high-voltage circuit-breakers for the first stage of this power transmission scheme 
were all ordered from ASEA. Comprehensive field tests at the Harspranget power station 
proved that the ASEA circuit-breaker designs fulfilled, in every respect and with a 
wide margin, all the requirements for a completely satisfactory circuit-breaker at this 
extra-high voltage. 

Against the background of these tests and after several years of experience with various 
types of circuit-breaker, the Swedish State Power Board have since ordered not less 
than 42 ASEA circuit-breakers, out of a total of 56 required for the further extension 
of the 400 kV network, 

If you are thinking of installing high-voltage circuit-breakers, talk the matter over with 
us. It will pay you to make use of our experience. 





@ ASEA Circuit-breckers 


in service 








Mop showing the*extent of 
the Swedish 400 kV network 
in November 1959 




















TO DOUBLE THE POWER OF ROXBURGH 


Four AEI waterwheel alternators at the New Zealand Electricity Department’s 


Roxburgh Power Station are already feeding 160,000 kW into the South Island 
grid. 


Four additional sets, to bring the station up to its designed capacity of 
320,000 kW, are now in course of construction. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION 


RUGBY AND MANCHESTER. ENGLAND 


& 3379 
18 WATER POWER February 1960 












































UNIFORMITY 
STRENGTH 
DURABILITY 



















Oriental porcelain has a history of 
several thousand years. Strong porce- 
loin is nothing new to NGK who has 
jong ago perfected. its outstanding 
developments in the field of high 
voltage insulators through a background 
of over 40 years. 


Suitebly designed hardwares and experi- 
enced assembling techniques ‘combine to 
constitute an integral basis on which 
NGK embodys its unsurpassed features 
of uniformity and durability. 


You get so much more out of NGK 
| ~ 


MIZUHO | NAGOYA daPan 


Cable : INSULATOR ‘Nagoyo. TELEX : NGK-NG9928 
Represented in all major tertitories. 
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O 65,000 H? 
APLAN TURBINE 
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VIA STENDHAL 34 MILANO -TTALY 








Courtesy of Union Carbide Plastics Company 
Division of Union Carbide Corporation. 


Illustrated is one of the eighteen 
MURCO Gate Hoists on the Long 
Sault Dam shown above. Each 
hoist weighs 93,000 Ibs. and 
when shipped to the project was 
completely equipped with all 
electric motors, controls, limit 
switches, wired ready for opera- 


. . + to control water level at Long aati 
ion when instalied. 


Sault Dam, St. Lawrence Power Project Each MURCO Gate Hoist, as il- 
lustrated, has 175 tons lifting 


capacity . . . will raise and lower 
the gates in the dam at a speed 
: of 1 foot per minute. 


The overall length of each unit 
For the second largest hydroelectric power plant in the United States at Massena, is 57 feet .. . 8Y%2 feet wide and 
New York -- as part of the St. Lawrence power project -- Uhl, Hall & Rich, 12% feet high. 


project engineers, selected MURCO Gate Hoists to control the water level at 
Long Sault Dam. Write for complete information 


MURCO Gate Hoists are designed from knowledge and experience . . . backed ‘ Engineering Department 
by over 75 years in design and manufacture . . . with hundreds of successful recommendations . . . when you 
installations made for leading engineers, power companies, industrial plants, ere planning power dam pro- 
government power projects . . . each MURCO Gate Hoist designed to do _ its jects. 

job, incorporated into its design the factors that meet the requirements of the 





operators. 


MURCO Gate Hoists are designed and made for any size power dam 
capacities from less than 1 ton to over 100 tons . . . from the smallest hand 
operated to the largest motor operated gate hoist, all made to specifications. 











Manufacturers Since 1863 Ff \4) D. J. MURRAY MANUFACTURING CO. 


WAUSAU, WISCONSIN, U.S.A. 
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Transformers 


Building and in service: 
Krangede A.B. Sweden 

Two banks of transformers 

each rated 130 MVA; 

13.85/400 kV. 


Electricite de France 
One bank of transformers 
rated 300 MVA; 380 + 
5% /225/10.5 kV. 


Rheinisch-Westfialisches 
Elektrizitatswerk (RWE) 
Germany 
Two single-phase trans- 
formers each rated 660/3 
MVA; 400 / v3 / 231 v3 
+ 18%/30 kV. 


Kraftwerke Hinterrhein AG. 
Switzerland 
Two banks of transformers 
each rated 400/280/2 » 
73.5 MVA; 420/201 + 28 
< 3.75/2 XK 10.5 kV. 


ew ? Imat Voi , Finl 
Electricité de France, Creney Substation amen Vales Op, Comes 
Four single - phase trans- 


‘“‘Alpes-Paris’’ 380-kV transmission system. The illustration shows two of f h 20/3 
the three single-phase auto-transformers each rated 300/3 MVA; 380 + MVA: 380, manean rey . 
5% / 225 / 10.5 kV; designed for transport by rail and impulse tested at . ' . . 
1450 kV. 


Switchgear 


Building and in service: 


Kungl. Vattenfallsstyrelsen, 
Sweden 


10 three-pole air-blast circuit- 
breakers 
33 three-pole isolating 
switches 
33 current transformers 
Imatran Voima Oy, Finland 
12 three-pole air-blast circuit- 
breakers 
Rheinisch-Westfalisches 
Elektrizitatswerk (RWE) Germany 
2 three-pole air-blast circuit- 
breakers 
Kraftwerke Hinterrhein AG. 
Switzerland 
2 three-pole air-blast circuit- 
breakers : > . b 
Kemyoki Oy, Helsinki, Finland 
Petajaskoski switching station, 380-kV-air-blast circuit-breakers 
type DCVF 380m 10r 





BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 


Representatives in most countries 





o . 2 ri - 
. : h- ” ‘a 


SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: NISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “‘SAKATETSU TOKYO” 
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CAEID GABLE DIVISION 








Unites the resources of three great companies 


ENLEY Three names having a long and honoured history in the manufacture and 
AB L Ee & supply of every kind of wire and cable known to the Electrical Industry. Now, 
their resources, know-how, and manufacturing capacity are multiplied together 
LIVE R Pp O OL to create something much greater than the sum of their individual facilities. 
Behind them the massive organisation of AEI will assure a steady flow of the 
Cc AB LE S latest technical data. There is no cable requirement too new, too big, too com- 
plicated, for this powerful and effective combination. By the same token, no 
Sl E M E N S order for ordinary small wires and cables is too small to have their ready and 
E DI SW AN instant co-operation. 








CABLE DIVISION 


Associated Electrical Industries Limited 
51-53 Hatton Garden + London «+ E.C.1 e« Phone: CHAncery 6822 
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A FEW GIANT TURBINES IN OUR ERECTING SHOP 


(left foreground) 

Runner of one of the two 8-blade 90,000 h.p., 
180 ft. head Kaplan turbines for the Trés Marias 
Power Station (Brazil). Runner dia. abt. 15 ft. 


(centre) 

Runner of one of the two 163,000 h.p., 870 ft. 
head Francis spiral turbines for the Split Power 
Station (Yugoslavia). Maximum dia. abt. 11 ft. 


(right) 

Runner of one of the two 136,000 h.p., 1,770 ft. 
head, 6-jet vertical-shaft impulse turbines for the 
Kurobegawa Power Station (Japan). Maximum 
runner dia. abt. 11 ft. 

These turbines have been ordered after completion 
of conclusive model tests conducted in our 
Hydraulic Research Laboratory. 





©@ J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 
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ALDEADAVILA - Spain 

6 vertical-shaft Francis turbines 
Output 125000 kW Head 139 m 
Speed 187.5 rpm 


Hydraulic and mechanical equipment for power stations and dams 
« Neyrfor » drilling equipment. Hydrodynamic transmissions. High-output 
fans (Stork licence). Hydraulic conveying and grading plant. Mecha- 

nically synchronised hydraulic bending presses. Equipment 


for irrigation and water supply systems. Wind-driven 
machinery Hydraulic measuring equipment. Equipment for 
hydraulics laboratories. Special equipment for nuclear 
engineering Assembling, welding and machining of large 
and complicated components. 


GRENOBLE Avenue de Beauvert PARIS XVI 2-10 Rue Bellin: 
Téléphone 44 55 30 Téléphone PAS 51 09 


SPECIALISTS IN LIGHT AND HEAVY ENGINEERING 
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| GLENF IELD 
V ALVES for Pipelines 


Valves for hydro-electric pipelines are a Glenfield specialty, 
and have been supplied for numerous important schemes 
in many parts of the world. 





Illustrated are typical examples of large 
sluice valves for isolation duty; weight- 
actuated automatic self-closing butterfly 
valves for emergency shut-off; and anti- 
vacuum valves with piped-inlets for 
safeguarding against the formation of 
vacuum in the lines. 








: GLENFIELD & KENNEDY UN IM ARNOC HEAD OFFICE & WORKS « KILMARNOCK * SCOTLAND 
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ARE YOU 
re-designing ? 


Start right at the beginning. Ask our design engineers to 
reconsider the basic form of your castings. Very often they 


can improve the structural form, and at the 
same time reduce complexity and cut costs. Then, 


when our metallurgists and foundry engineers a 


take over, you’ll be getting cheaper, more sound 


castings of unequalled quality OT , 
accuracy. This is what we call technical 


teamwork and we’re proud of it. It can 

















tackle al] your casting problems and solve them. 


CASTINGS FROM A FEW 
OUNCES TO 10 TONS 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 
Precision machined bushes and _ bearings. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 
moulded castings, and cnill-cast rods and 
tubes. Continuous cast phosphor-bronze 
bars up to 12 foot lengths. 


NON-FERROUS CASTINGS i 
HIGH-DUTY IRON CASTINGS - PRECISION MACHINED BUSHES & BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs 51433/4. 
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9,000,000 HP 


is being developed by KMW Kaplan turbines. If the tur- 
bines built by our licensees are included, this output can 
be increased to more than 7,000,000 HP, a figure which 
clearly shows that KMW is one of the leading manufac- 
turers of this type of turbine. Our 40 years’ experience 
covers all sizes of Kaplan turbines, including runner 
diameters of more than 8 m (26 ft.) and heads of more 
than 50 m (164 ft.). In December 1959 a new link was 
forged in the long chain of deliveries when the second 
unit at Jarkvissle power plant, belonging to the Swedish 
State Power Board, was commissioned. 


The arrangement of the machinery and the design of the 
control equipment at Jarkvissle incorporate new prin- 
ciples applied for the first time in Sweden. The two units 
have a two-bearing rotating system with an umbrella 
type generator and with the thrust bearing on the tur- 
bine cover. 


The thrust bearings, which are manufactured by KMW, 
are designed for a maximum load of 1,250 tons and have 
self-circulating oil system. 


AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD SWEDEN 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd. 


607 Shell Tower Building, Montreal 2 


1960 





Each of the Jark- 
vissle turbines has a 
nominal rating of 
59,500 HP at a head 
of 136 m (45 ft.) 
and a speed of 75 
r.p.m, The _ runner 
diameter is 7-5 m 
(25 ft.) 


Actuator and relay 
valve cabinet for 
electro - hydraulic 
govei 





The station is equipped with electrical governors, and 
the design of the hydraulic part of the control equipment 
permits the actuator, the control valves for runner and 
gate servomotors, and the combinator gear to be grouped 
in a common cabinet. Hydraulic oil for runner pitch ad- 
justment reaches the turbine through an oil pressure box 
on the turbine shaft below the generator. The return 
movement of the runner servomotor is transmitted to the 
control valve cabinet by electro-hydraulic means, thus 
the electrical return gear is the only piece of turbine 
contro! equipment on the upper part of the generator. 


Jarkvissle power plant will be remotely controlled from 
a neighbouring station. 











Wallsend-on-Tyne, England 
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Victor Percussive Bits 


Victor percussive bits bring NEW economy 
to drilling jobs where solid tipped steels are 
unsuitable. Available in chisel or cross types, 
Victor tungsten carbide tipped percussive bits 
are manufactured in a complete range of sizes 
for ex-stock delivery. If you are interested in 
minimising drilling costs please write for full 


information. 


Victor Drill Steels 


With the advantages. of “High Temperature” 
brazing technique for tip-fixing and controlled 
manufacture, Victor now offer the ultimate 
in drill steels — steels which give the operator 
greater footage and faster drilling. 

Victor experience in drilling techniques now 
makes available a range of drill steels designed 
for top performance in the toughest conditions. 


Victor Products (Wallsend) Limited 


Telephone: Wallsend 68331 (6 lines) 
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Cables: ‘Victor’ Wallsend, England 


p.p./D.s.8 


1960 














the Steel Foundry for Waterturbine Runners 


Francis Runner \ 
P Turbine «Bersimis» 


supplied to 

English Electric Company 
vs. of Canada Limited _ 
COR 13.65 . 


DL 


Grade 
ae 


George Fischer Limited, Schaffhausen, Switzerland Telephone: (053) 5 60 31 
Sg 700/4 A 


5 70 31 


Telegrams: Geofischer 
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. Post Insulators 
were used for the 


New South Wales 
Public Works Department for 
Burrinjuck Sub-Station. 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 
Department system equipped throughout with S.P.P. Post Insulators for 110 kV and 66 kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. Telephone: Stourport 2271 Telegrams: Steatain, Stourport 
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HYDRAULIC STEEL STRUCTURES 


WAAGNER- BIRO A. G. 


wes Raz 





Gries Weir of the Schwarzach Power Station*for Tauernkraftwerke A.G. 


Consisting of three Radial Gates with Movable Flaps: 
head, 7 m.; clear width, 10 m.; and of one Double 
Leaf Gate with Intake Canal; head, 3.6 m.: clear 
width, 9.5 m. 


Design and Construction: 


WAAGNER-BIRO 


AKTIENGESEULLSCHAFT 
VIENNA GRAZ 


Head Office... VIENNA V., MARGARETENSTRASSE 70, AUSTRIA 
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ELECTRICAL 
EQUIPMENT 


CIRCUIT BREAKERS, 
INSTRUMENT TRANSFORMERS, 
ISOLATING SWITCHES, 
BUSHING INSULATORS, 
CONTROL DESKS AND PANELS, 
SWITCHBOARDS, 

FOR MEDIUM, HIGH AND 
ULTRA-HIG|IH VOLTAGES 


rhe 


OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Dl BATTACGLIA TERME SpA 


For offers and details please enquire to: 
OFFICINE ELETTROMECCANICHE GALILEO - SERVIZIO COMMERCIO ESTERO - MILANO, VIA LARGA, 26 
('T ALY) PHONE: 877.895 - GRAMS. ELETTROGA - MILANO 
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YORKSHIRE transformers 
serve 

e 
power 


supplies 
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YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 


THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury 


36 






2 Leffel Turbines for Helena Valley 


Sa 


Two Leffel turbines drive the pumps in the United States Bureau 
of Reclamation’s Helena Valley Pumping Station just down- 
stream from Canyon Ferry Dam on the Missouri River. The 
station supplies irrigation water for 17,631 acres in the Helena 
Valley and supplemental water supply for the city of Helena, 
Montana. 

The two vertical shaft turbines are each rated at 3200 HP under 
a 90 foot net head at a speed of 325 RPM. 

Leffel’s role in the Helena Valley Unit, Missouri River Basin 
Project, is typical of the part played by Leffel turbines all over 
the world. And nearly a century of experience with the more 
efficient, more economical development of power from water 
stand behind every Leffel turbine. Put that experience to work 
for you on your next hydraulic power project. Complete details 
on Leffel engineering and manufacturing facilities can be yours 
for the asking. Just fill out and mail the coupon below. 


<a ge ” 


FREE LITERATURE _1109-E 
THE JAMES LEFFEL & COMPANY 
DEPT. W SPRINGFIELD, OHIO, U.S.A. 


] Please send me more information on Leffel hydraulic turbines. 


[] Please have your representative call. 
ee 
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MORE EFFICIENT HYDRAULIC 
POWER FOR 98 YEARS 


EE 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 








HUGH woaooaoonbD & co. LTD. 


Mice 4 Foct P Justrio i Exe t Mice 


Heod 


GATESHEAD ON it 2 AL LONDON HOUSE, FINSBURY SQUARE, LONDON €E.C.2 
shead Tele Telephone : Monarch 3273 (4 lines 
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HYDRAULIC TURBINES 
—CHARMILLES ENGINEERING WORKS LTD., GENEVA— 


Two 88,000 uP VERTICAL SHAFT, FOUR-JET IMPULSE TURBINES 
FOR BRAZIL 
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MITSUBISHI 


means 


QUALITY plus INTEGRITY 


Mitsubishi Electric has again dem- 
onstrated its superiority in production 
capacity and technical skill by com- 
pleting 3 SETS of 105,000 kVA 
umbrella type water-wheel generators 
—the largest of this type ever produced 
in Japan. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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Penstocks for 
Hydro-Electric Power Stations 


Study, planning, design and erection 


of complete: 
open-laid and trench-laid pipe lines 
pipe lines in tunnels 


lined pressure shafts, 
surge tanks, etc. 


pipe lines for irrigation and 
drinking-water supplies 


distribution piping 


Branch pipe with Sulzer stiffening collar 


Sulzer Brothers Limited, 


Winterthur, Switzerland 


Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C.1 











Twin pipe line in Switzerland for 
service pressure of 1,600 Ib./sq.irh 
in the course of erection 
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YVEREINIGTE OSTERR. EISEN- UND STAHLWERKE, LINZ-DONAU 
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The curve shows the steep rise 
in the number of orders placed with us 
for waterwheel generators 

in the last 50 years 
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. SIEMENS 


8 million kVA 


is the output of the waterwheel 
generators alone which the 
Siemens-Schuckertwerke have 
supplied for installations in Germany 
and abroad. 

We undertake the planning and 
design, consulting service and con- 
struction supervision of complete 
hydroelectric power plants and supply 
the entire electrical equipment from 
our Own production. 
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SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 


BERLIN - 
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it's aluminium 


Sheathed in seamless extruded aluminium, 
this cable is lightweight yet strong. It needs 
no armouring, thus allowing simple cable 
design. With a high resistance to vibration 
fatigue, it can be used with complete safety, 
alongside railways etc. 


It's flexible 


Corrugation results in greater flexibility, 
permitting the same bending radius as a lead 
sheathed cable. Not only are handling quali- 
ties improved but corrugation reduces the 
required thickness of the sheath by one half. 


it's a money saver 


Initial costs are therefore lower than con- 
ventional type cables of similarperformance. 
| ightness and flexibilitysimplify trans porta- 
tion and installation. No special precautions 
are necessary to allow for expansion and 
contraction. 


Further information is available on request. 





It’s the C.S.A. cable 


CORRUGATED 
SEAMLESS 
ALUMINIUM 


PROTECTIVE SERVING INSTALLATION 


Anti-corrosion protection is provided by an Conventional installation procedure is 
extruded P.V.C. covering which fits tightly followed. Jointing techniques are the 
over the whole sheath surface. See section view. same as for normal smooth aluminium- 
The standard P.V.C./Rubber/P.V.C, sand- sheathed cables. 

wich serving is also available. 


CABLE TYPES 


C.S.A. sheathing is available with Blj 
Mass - Impregnated Non - Drail 
(M.I.N.D.) Cables up to 33kV and: 
Oil-Filled Cables. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 BLOOMSBURY STREET LONDON WC1 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 


Power Development in Japan 


NDUSTRIALISATION in Japan did not begin 
Tonti about a century ago, but since then progress 

has been little short of astounding. Recently, we 
have received a publication* issued by The Associa- 
tion for International Technical Co-operation, which 
deals exclusively with the development of the power 
industry in Japan, both in general outline and in 
detail. In common with many other countries which 
have become highly industrialised, the necessary 
power has been developed by both hydro and thermal 
means. Hitherto, generation by water power has taken 
precedence over thermal power and the base load has 
been carried by run-of-river plants. In recent years, 
however, this trend has been reversed and the last few 
years have witnessed the building of more thermal 
plants than hydro plants, though the amount of hydro 
power in Japan at 10,020 MW is still almost double 
the amount supplied by thermal means at 5,900 MW. 
Recent hydro-electric developments have involved the 
construction of high-head storage plants and the ten- 
dency is for the thermal stations to carry the base 
loads and for the storage plants to be brought into 
service for the peak loads, which they are so much 
better fitted to carry. To this end, pumped-storage 
schemes have been established such as the Koguchi- 
kawa No. 3, the Ikejirigawa and the Numasawanuma 
plants. All these plants are fitted with a separate pump 
mounted on the same shaft as the turbine wheel, but 
it is proposed that the next plant of this kind should 
be fitted with waterwheels that can be reversibly 
operated as pumps. 

The reserves of untapped water power in Japan are 
still very large. A full investigation of these resources 
was begun in 1956, taking into account the technical 
advances made in thermal generation, the value of 
interconnecting one system with another and the 
advantages to be obtained from large high-head stor- 
age systems and integrated run-of-river plants. As a 
result of this investigation it is hoped to increase the 
capacity of the generating plant in Japan to a total of 





* “‘Japan’s Technological Progress: Vol. IV, Power Industry, 1960.’’ The 
Association for International Technical Co-operation, Tokyo. 
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23,800 MW by the end of the fiscal year 1962. Of this 
total, 13.090 MW will be generated by hydro and 
10,720 MW by thermal means. 

In the past, little attention has been given to low- 
head sites on rivers, as such projects were not con- 
sidered economical. The advent of the tubular turbine. 
however. has caused this question to be reviewed. 
and Japanese engineers are now giving close attention 
to this matter. In the more conventional water plants, 
gravity dams, arch dams and hollow dams have been 
constructed, according to circumstances. Of the gravity 
type, those of Sakuma (150 m. high), Okutadami (157 
m. high) and Arimine (140 m. high) can be cited as 
examples. Arch dams have been constructed of both 
the thick-walled type and the thin-walled dome type. 
Of the latter, the Tonoyama, Kiyotsugawa and 
Sasanami dams have already been completed, and the 
Kurobegawa dam, having a height of 186 m., is now 
under construction. Hollow dams include Ikawa (100 
m. high), Hatanagi No. 1 (119 m. high) and Omori- 
gawa (72 m. high) and others are in course of con- 
struction. No earth dams have been built so far, but 
two rockfill dams, Miboro (130 m. high) and Iwabora 
(40 m. high), are under construction. 

Hydro-electric power stations generally follow con- 
ventional lines, but the Tokyo Electric Power Com- 
pany have constructed an underground station at 
Sudagai owing to the fact that weaknesses in the geo- 
logical structure would have meant a very expensive 
headrace. To avoid this expense the power house has 
been excavated near the dam and is joined to the river 
by a tailrace 1-7 km. long. Another underground 
power station, Kurobegawa No. 4, is under construc- 
tion by the Kansai Electric Power Company and will 
have a capacity of 256 MW. 

Increasing attention is being given to multi-purpose 
schemes in Japan and some difficulty appears to have 
arisen in apportioning costs. A large multi-purpose 
dam, especially if built high upstream, would be of 
benefit to flood control. irrigation and water supply. 
and would greatly help to regulate the production of 
power for downstream power stations. In view of 
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these facts, minute care will have to be taken to 
apportion the costs accurately and it would appear 
to be necessary to consider each case as a separate 
entity. 

In general, it may be said that in Japan, although 
in recent years some emphasis has been given to the 
erection of thermal stations, the rising cost of coal 
and oil has given occasion to a great deal of thought, 
particularly as the most recent assessment of Japan’s 
water resources gives a total capacity of 35,000 MW, 
as opposed to the 20,000 MW previously accepted. 


Cuban Multi-Purpose Scheme 


Cusa’s National Development Commission (Comi- 
si6n de Fomento Nacional) has contracted with The 
Kuljian Corporation, Philadelphia, Pa., to under- 
take comprehensive economic and_ engineering 
studies for the multi-purpose water resources 
development of Guantanamo Valley in Oriente Pro- 
vince. This major project is being carried out as part 
of the long-range programme of economic develop- 
ment instituted by Prime Minister Dr. Fidel Castro. 
Oriente Province is located at the easternmost end 
of the island and comprises approximately 32% of 
the land area of Cuba. It also contains approximately 
31% of the population. 

The project is planned to develop the water sup- 
plies of four rivers, in and adjacent to Guantanamo 
Valley, for the purposes of generating hydro-electric 
power, irrigating the valley lands and providing 
increased domestic water supply for Santiago de 
Cuba, Guantanamo and other communities. This 
will be accomplished through a series of dams to- 
gether with a system of interconnecting tunnels and 
canals skirting the northern rim of the valley floor 
and projecting along the Carribbean coast line to the 
City of Santiago. Both underground and surface 
power plants are contemplated. A system of lateral 
canals leading from the main canal through the valley 
floor will serve the irrigable area. 

Field surveys, foundation investigations and water- 
supply determination will be carried out under the 
teshnical supervision of The Kuljian Corporation, 
in co-operation with Comisién de Fomento Nacional. 
Kuljian will prepare a project feasibility report based 
on accumulated field data together with preliminary 
designs for all major facilities as well as estimated 
project costs and project revenue. 


Power Supply in Mysore 


HE Sharavathi valley hydro-electric project in 
Mysore State is expected to be completed by Decem- 
ber 1962. When completed, the project will produce 
1,050 MW of power and will, to a great extent, meet 
the State’s needs. 

Mr. H. M. Chennabasappa, Minister for Electricity, 
said that Mysore, which was the first state in India to 
erect the longest transmission line in India, from 
Sivasamudram in Kolar Gold Fields, was today with- 
out sufficient electricity for its industrial expansion. 
By the end of the second Five-Year Plan the average 
per capita consumption of electricity in Mysore is 
expected to be increased from 374 kWh to about 61 
kWh per annum. 

The Minister said that the Sharavathi project would 
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produce the cheapest electricity in the world, the cost 
of production per kW being Rs. 650 to Rs. 700. The 
Minister also said that the time had come when 
Mysore had to assert its legitimate share in the waters 
of the Cauvery and the Krishna basins and utilise 
every available drop of water for power development. 
Emphasising the need to step up power production 
in the state, he explained how in spite of being a 
pioneer in hydro-electricity and with a comparatively 
greater power potential, the state had found itself 
lacking today in sufficient power supply. 

The position at the end of December 1962 would 
be that they would have a power supply of 368 MW, 
as against the load demand of 500 MW. It was there- 
fore clear that even after commissioning the first stage 
of the Sharavathi project more power development 
would be necessary. 


New Power Station in Dutch Guiana 


THE Aluminum Company of America plans to build 
a new plant for an annual production of 60,000 tons 
in Dutch Guiana. They need for this purpose a 
hydro-electric power station which will be erected 
at Brokopondo, a site on the Suriname River. An 
earth dam 175 ft. in height will be built and create 
a storage lake of about 580 sq. miles surface which 
will serve as a multi-annual reservoir. The available 
water quantity will, therefore, be practically uniform 
over the whole year and, in consequence, machines 
of the propeller type will be appropriate. The order 
for the six water turbines has been passed on to 
Escher Wyss Ltd., at Zurich. This well-known Swiss 
firm will deliver the six units which will develop 
46,400 h.p. each when operating at a head of 143 ft. 


Canadian Order for Six Francis Turbines 


A. JOHNSON & CO. (CANADA) LTD. have just 
informed us that they have obtained an order for six 
Francis turbines, each for an output of 46,000 h.p. at 
a head of 105 ft. (32 m.). The client is the Saskat- 
chewan Power Corporation of Canada, and the tur- 
bines are for their Squaw Rapids plant on the Saskat- 
chewan river, immediately east of the town of 
Nipawin. 


Karadj Dam Begins to Rise 


LocaTED some 40 miles from Teheran, Iran, the 
Karadj dam is rapidly rising in the narrow gorge of 
the Karadj river. By the end of 1959 the dam was 
about 165 ft. in height and more than 35% of the 
project has been completed. The dam is of the arch 
type, and when completed will have a maximum 
height of 590 ft. It will produce an ultimate of 110 MW 
of power and stabilise Teheran’s domestic water 
supply. The structure will require about 1 million 
cu. yards of concrete, and two aerial cableways with 
buckets of 8 cu. yards capacity are placing as much as 
2,950 cu. yards of concrete a day. This is cooled by 
chilled water from a refrigeration plant of 400 tons 
capacity by means of an embedded network of 1 in. 
diameter pipes. Also embedded in the structure are 
a number of delicate electrical strain meters and ther- 
mometers that supply information on the stress, de- 
formation and temperature of the concrete while it 


cures. 
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Construction of the dam is being carried out by 
Morrison-Knudsen International Constructors Inc. 
employing some 2,300 Iranian workmen under a con- 
tract worth $45 million. The contract is all inclusive, 
covering not only construction of the dam and power 
house—situated in the downstream toe of the dam— 
but also a re-regulating dam two kilometres down- 
stream where a diversion tunnel is now being driven, 
a transmission line to Teheran over very rugged ter- 
rain and final highway relocation work in the canyon 
area. Furthermore, the contract includes the procure- 
ment of the materials and equipment and which turned 
out to be truly international in nature. The generators 
and transformers are coming from Japan, turbines 
from Scotland, spherical valves from France, pen- 
stocks from Austria. cranes from West Germany, 
transmission towers from Italy, reinforcing steel from 
Belgium and miscellaneous piping and electrical gear 
from the United States. The project is due for comple- 
tion by late 1961. 


New Zealand Aluminium Power Project 


CoNSOLIDATED ZINC PTY. LTD., an Australian 
aluminium company, is investigating a site in the 
southern part of South Island, New Zealand, with a 
view to building a 600 MW hydro-electric plant to 
supply a new aluminium smelter. It is proposed to 
raise the level of Lake Manapouri by 100 ft., thereby 
joining it with Lake Te Anau, which at present is 
80 above Lake Manapouri and separated from it by 
a narrow isthmus. The power station, which would 
operate under a head of about 600 ft., would be under- 
ground, and a tailrace tunnel about six miles long 
would discharge into Deep Cove, a south-eastern arm 
of Doubtful Sound. Sites in Australia and in New 
Guinea have been investigated but the New Zealand 
site appears to offer the cheapest power. According 
to the New Zealand Ministry of Works the cost of 
power from the Lake Manapouri scheme should be 
less than 0-:2d. per kWh. 


Power Loan for Chile 


THE World Bank has approved a loan of $32:5 
million for the further development of electric power 
in Chile. The larger part of the loan will help to 
finance a 2830 MW hydro-electric plant to serve central 
Chile. The remainder will help to finance a 15 MW 
thermal electric plant in Northern Chile especially to 
supply power to the iron mines there. The loan has 
been made to Empresa Nacional de Electricidad, S.A. 
(Endesa), and Corporacion de Fomento de la Produc- 
cion (Fomento), as co-borrowers. Endesa is a joint 
stock company, owned almost entirely by Fomento. 
It was established in 1944 to plan electric power 
development in Chile and to provide power facilities 
which cannot be provided by private companies. 
Fomento is a government agency responsible for pro- 
moting economic development in Chile. 

The plant serving central Chile will be situated on 
the Rapel river, about 75 miles south-west of Santiago. 
In this part of Chile industrial power consumption in 
1958 accounted for 45% of the total. The main indus- 
tries are a steel mill, pulp and paper mills, coal mines, 
carbide and metallurgical industries, cement plants 
and copper refineries. The Rapel project includes the 
construction of a concrete arch dam 300 ft. high, which 
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will create a reservoir able to store 570,000 acre-ft. 
of water, a power house with four 70 MW generators, 
and about 225 miles of transmission lines to serve 
Santiago and Valparaiso. Twenty-five thousand acres 
of land will be irrigated by water drawn from the 
Rapel reservoir. Two of the generating units will come 
into operation late in 1964, the other two early in 
1965. 


Contract for Deanie Underground Station 


THE Mitchell Construction Co. Ltd., Peterborough, 
have been awarded yet another contract by the North 
of Scotland Hydro-Electric Board. This is for the 
construction of the Deanie underground power sta- 
tion, part of the Board’s Strathfarrar and Kilmorack 
project. Mitchells have been engaged on the Strath- 
farrar and Kilmorack project since April of last year, 
when work commenced on the main contract, and 
since 1952 have been continuously engaged on works 
for The North of Scotland Hydro-Electric Board. 
Including the above contracts, which together are 
valued at about £5 million, the company have carried 
out, or are presently carrying out, contracts for the 
Board to the approximate value of £17 million. 


Tungabhadra Project 


AN Inter-State Conference at Chief Ministers level 
on November 5 and 6 between Mysore and Andhra 
States discussed the outstanding issues between the 
two states in regard to the Tungabhadra project. 

For constructing the high-level canal, the two 
governments have placed at the disposal of the Tunga- 
bhadra Board Rs. 6,000,000 for 1959-60. The right- 
bank canal intended for power generation has cost 
Rs. 13,700,000, The quantity of power now generated 
at Hampi is 18 MW. Provision has been made for 
the generation of another 18 MW at this station. The 
foreign exchange involved in the setting up of four 
additional generators is expected to be Rs. 13,600,000. 
The total capacity of all power generating units on the 
left bank under the Tungabhadra project will be 
100°5 MW. 


Spain Frees Power Exchanges 


THE Spanish Delegation has notified the Council 
of the O.E.E.C. of its intention to liberalise supplies 
of electricity from other Western European countries. 
In so doing, Spain takes its place among the inter- 
connected countries which freely exchange supplies 
of electric power: Austria, Belgium, France, Germany, 
Italy, Luxembourg, Netherlands and Switzerland. 
Over two-thirds of Spain’s electricity is generated 
by hydro plant. The country is handicapped by highly 
irregular rainfall and, in spite of substantial reserve 
capacity, power supplies are often difficult during 
years of drought. The liberalisation measures to which 
Spain has now acceded will enable it to draw on neigh- 
bouring countries during a shortage. The first source 
of supply will be Portugal. which already controls a 
number of rivers jointly with Spain, and France, 
whose water power reserves are somewhat different 
from those of Spain in that recourse can be had simul- 
taneously to the Alps, the Massif Central and the 
Pyrenees. Other more distant countries, however, such 
as Belgium, Germany, Italy and Switzerland. may also 
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supply power to Spain by concluding compensatory 
agreements with France. Conversely, whenever hydro 
conditions in Spain are good, any surplus power can 
be exported to those countries which have come to 
its assistance in emergencies. 


Scheme for Indus River 


THE Australian Minister for External Affairs, Mr. 
Casey, says that Australia will contribute a substan- 
tial amount to the £A500 million project to develop 
the Indus River. The International Bank has drawn 
up the project in an effort to settle the dispute between 
India and Pakistan over the waters of the Indus. 
Ausiralia is one of the countries to help finance the 
scheme, which will harness the Indus River for water 
supply, power and irrigation. Good progress was 
being made on the ten-year plan and the International 
Bank had succeeded in bringing India and Pakistan 
together on the project, though it is not known yet 
how much Australia’s contribution would be. 


Co-ordination in the Hydraulic Industry 


STEPS of importance to the hydraulic industry are 
now being taken to co-ordinate standards on an 
international basis. The Association of Hydraulic 
Equipment Manufacturers, 38-40 Eccleston Square. 
London, S.W.1, has participated in recent conferences 
in Frankfurt and Paris. Other participating countries 
were Belgium, France, Germany, Holland, Sweden 
and Switzerland. Austria and Italy are observing but 
not participating. Each of the participating nations 
has undertaken to investigate and to make recommen- 
dations in one of several fields, and the results of the 
work will be examined at the next conference to be 
held in London on May 11, 1960. 

At the same time, work on similar lines is being 
undertaken on a national basis in the United States. 
Close co-operation between the American Authorities 
and the Association of Hydraulic Equipment Manu- 
facturers has been arranged. The Association will act 
as liaison between the European and the American 
hydraulic industries. 


Walawe River, Ceylon 


AN American firm of consulting engineers, Messrs. 
Engineering Consultants Incorporated, of Denver, 
Colorado, U.S.A., has secured a big contract in con- 
nection with the Walawe river multi-purpose scheme 
in Ceylon. The firm will prepare the designs, drawings 
and specifications for the headworks of the Walawe 
project. Mr. C. L. Kiligore. president of the firm. 
arrived in Ceylon to finalise the contract with the 
Irrigation Department. 

World-wide tenders were called and bids from 
several countries were received for this work. The 
American firm is already working on Ceylon projects 
through the United States Operations Mission in 
Ceylon. Meanwhile, the Government of Ceylon has 
decided to set up a corporation to be known as the 
Ceylon Electricity Board. which will be responsible 
for the transmission, generation and maintenance of 
electricity both hydro and otherwise. They are local 
authorities who are in arrears for bulk supply of 
power for a period of more than three months, elec- 
tricity schemes which are mismanaged, and schemes 
which local bodies agree to hand over. The Govern- 
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ment has agreed to compensate those local bodies 
whose electricity distribution schemes are taken over. 
The work of the existing Department of Electricity 
will be transferred to the new Corporation. 

It was Mr. J. C. Park, a British power expert, who 
recommended the setting up of a Central Electricity 
Board as the sole authority for the generation, supply 
and distribution of electricity throughout the island. 


Carillon Turbine Order 


Tue largest single order for hydraulic turbines ever 
placed by a Canadian power utility has been awarded 
by the Quebec Hydro-Electric Commission to the 
Dominion Engineering Company, Lachine. The order 
is for 12 Kaplan turbines, each rated at 60,000 h.p. 
for the Carillon power project in Quebec. The tur- 
bines have been ordered for delivery between mid- 
1961 and the end of 1963 and will be the largest and 
most powerful Kaplan turbines installed in Canada. 
The present record is held by the 45,000 h.p. Beech- 
wood turbines of the New Brunswick Electric Power 
Commission, also manufactured by Dominion Engi- 
neering. The $200 million Carillon power develop- 
ment will be located on the Ottawa River. about 45 
miles north-west of Montreal, with an ultimate in- 
stalled capacity of 840,000 h.p. 


Generators for Squaw Rapids 


Six hydro-electric generators have been ordered 
from the English Electric Co. Ltd. for the Saskat- 
chewan Power Corporation’s Squaw Rapids develop- 
ment on the Saskatchewan River. Each generator will 
have a nominal rating of 37,500 kVA and the first 
set will be commissioned in late 1962. The whole pro- 
ject is to be completed by November 1964. The 
generators will be built at the company’s Netherton 
works. 


Tasmania Orders Pelton Turbines 


AN order for four Pelton turbines has recently been 
placed with Boving & Co. Ltd., London. The turbines 
will be installed in Poatina power plant in Tasmania; 
each will have an output of 76,200 h.p. at a head of 
2.650 ft. (808 m.) and a speed of 60 revs. per min. 
Operating experience and efficiency tests from the 
Norwegian plant Hjartd6la have been used as a basis 
for reference and final guarantees. The Hjartd6la tur- 
bines, which KMW delivered and started up a short 
time ago. are very similar to the Poatina turbines 
now on order. 


Possibilities in Madras State 


STEPS are to be taken, in consultation and co-opera- 
tion with Kerala State, to secure the waters of the 
west-flowing rivers in that State for irrigation and 
power in Madras State. There are also said to be 
possibilities for agreement with Andhra State for the 
benefits of the northern districts of Madras. All these 
have to be gone into in formulating the Third Five- 
year Plan of the State, according to Mr. K. Kamaraj, 
Chief Minister of Madras. He said that they should 
give a high priority to a further programme of power 
development to overcome the heavy dependence on 
the seasonal discharges from reservoirs resulting in 
frequent power cuts during the summer. 
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The Mixed-Flow Variable-Pitch 
Pump-Turbine 


By P. DERIAZ, Dip.Mech.Eng. (Zurich)* 


NE of the greatest advantages of hydro-electric 
generation of energy is that power can be made 
available at very short notice. This feature forms 
the basis of many storage schemes because of the 
high commercial value of peak-load energy. but a 
hydro station can also maintain an economic case 
even with low load factors. The advantage of short- 
notice availability can be extended to an instantaneous 
availability by keeping the water turbines running at 
part load in readiness for a sudden increase in de- 
mand. This calls for good part-load efficiency to 
achieve maximum economy. 
In the past, multiple-unit installations have been 
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Fig. 1. Efficiency of a Kaplan turbine compared with 
a fixed-blade propeller turbine 


advocated as a method of producing energy at high 
efficiency over a wide range of loads by operating only 
those machines required to meet the power demand. 
Instantaneous availability, however, is not a feature 
of such a mode of operation, since some short periods 
afe necessary to start up additional units in accord- 
ance with the load demand. There is a tendency on 
new projects to choose a small number of larger units 
because of economy in first cost and maintenance. 
This emphasises the need for high efficiency over 
wide variations of load in each individual unit. Thus, 
high efficiency at part gate and large overload capacity 
are of great value. 


Existing Types of Water Turbine 

Over the past 20 years the Kaplan turbine, with its 
flat efficiency curve (see Fig. 1), has been the best type 
to give instantaneous availability. This type of turbine 
operates over a range from half load to full load at 
practically maximum efficiency, and so fulfils the con- 
dition of reserve of power at high efficiency. The fixed- 
blade propeller turbine, the efficiency curve of which 
is shown for comparison on the same figure, is clearly 
unsuitable for those conditions. The Kaplan turbine 
offers, in addition, the advantage of high overload 
capacity, which is of great value to cover short-dura- 





* Chief Designer, Water Turbine Department, The English Electric Co. 
Ltd. 
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tion demands. Fig. 2 shows how the efficiency of a 
Francis turbine falls off at part gate, and also its res- 
tricted overload capacity. 

Furthermore, fixed-runner-blade turbines generally 
suffer from an unstable hydraulic condition in the 
draft tube at gate openings between approximately 
35% and 60%‘. This is shown by the shaded portion 
of the Francis curve on Fig. 2. This instability, which 
has been observed on plants installed as far back as 
1912°, appears in varying degrees of intensity on 
different machines, depending on the hydraulic design 
and on the load system. In some critical cases opera- 
tion at certain fractional gate openings is impossible 


EFFICIENCY, PER CENT 
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PERCENTAGE OF FULL LOAD 
Fig. 2. Efficiency of a Francis turbine (fixed blade) 
compared with the Dériaz turbine of equivalent 
specific speed 
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because of the severity of the pulsing output, or the 
consequent periodic pressure surges in the pipeline, 
or both together. 

Alleviation of the condition may sometimes be 
gained by air admission into the draft tube, but this 
measure is not always satisfactory. At best, the pulses 
are damped out, but not prevented, unless the air 
admission is increased to such an extent that efficiency 
is seriously impaired. 


The New Machine 

The complete and positive solution to this insta- 
bility is to make the runner blades adjustable so as 
to vary the pitch according to the turbine output. This 
is the essential feature of the well-known axial-flow 
Kaplan turbine. The same concept has recently been 
applied to the mixed-flow runner by Dériaz. The 
advantages of this new machine have been described 
recently’. 

The Kaplan turbine, which is characterised by axial 
flow and adjustable runner blades, was originally 
designed for low heads and high specific speeds. With 
the advantages indicated, it is not surprising that in 
recent years determined attempts have been made to 
increase the head at which this type of machine can 
operate. Successful application to heads of the order 
of 200 ft. has been reported. The factors that limit 
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the head under which the Kaplan turbine can oper- 
ate have also been described‘. They lead to the adop- 
tion of the mixed-flow pattern of Francis turbine with 
the advantages of variable pitch, as follows: 

(a) Hydraulically, because of the high heads used. 
a lower specific speed than that of a normal Kaplan 
turbine is necessary. This is desirable both as protec- 
tion against cavitation and for the maintenance of high 
efficiency. The hydraulic requirement of a low specific 
speed in its turn calls for a short extension in a radial 
direction of the inlet edge of the turbine runner blade, 
designated AR, on the Francis turbine runner, Fig. 3. 

(b) Mechanically, the enormous loads to be sup- 
ported by the runner-blade trunnions require large 
oearings. The hydraulic requirement of increasing the 
number of blades leads to increased hub diameters. 
Che difficulty of accommodating large bearings is 
further increased by the operating levers, which in a 
Kaplan, are placed between the blade trunnions. These 
levers become extremely short because of space res- 
triction (see L,, of Fig. 4). At the same time the 
blades are longer because of the higher heads used. 
Disproportion results in the size of the levers and the 
blade lengths, and the ratio of stroke to diameter of 
the operating servomotor becomes very small. 

The design of the new turbine is based on these 
considerations. Its principal features are: 

(1) The oblique position of the runner-blade trun- 
nions. This gives the mixed-flow characteristics of the 
Francis runner with relatively short radial extension 
AR, of the blade inlet edge (Fig. 5) associated with 
larger distances between the bearings of the blade 
trunnions. 

2. The oblique position of the blade trunnions Y-Y 
gives a significant reduction in the loading of the outer 
trunnion journal, because of the centrifugal force on 
the blade, acting partly against the hydraulic loading. 

3. The spherical surfaces B-B of the hub and of the 




















Fig. 3. Profile of a medium-specific-speed Francis 
runner, showing the short radial extent of the inlet 
edge R, 


skirt permit rotation of the vanes while maintaining 
close clearances. 

4. The operating levers are placed at right angles 
to the shortest distances between blade trunnions. 
thus securing the advantage of much longer levers L, 
(Fig. 5) and less crowded construction. 

5. The runner blades are of somewhat simpler 
shape than those of the Kaplan. If desirable, the 
blades can be made to meet over their entire length 
in the closed position. This is an essential difference 
between the Dériaz and Kaplan designs. In the closed 
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Fig. 4. Profile of a high-specific-speed Kaplan runner, 
showing the large extent of the inlet edge R, and the 
shortness of the lever L, 


position of the Kaplan type the vanes come into con- 
tact with each other at the periphery, while a large 
gap remains between vanes near the hub. 

Fig. 6 compares the maximum working heads of 
Kaplan, Francis and Dériaz turbines and pump- 
turbines. 


The First Model Tests of the Dériaz Turbine 

In the second half of 1952 the theoretical investiga- 
tions and the design of an experimental turbine were 
completed, and a model was built for hydraulic tests. 
The first design is shown in Fig. 7, where certain 
details can be observed. The spiral casing (1), stayring 
(2) and gate apparatus (3) are those of an ordinary 
Francis turbine. The runner (4) and surrounding parts 
leading to the draft tube (5), are of the new form. 
now known as the “Dériaz” turbine, permitting blade 
movement on an oblique axis. The runner is of mixed- 
flow type. The results of model tests are shown in Fig. 
2, where they are compared with the efficiencies of 
a Francis turbine of equivalent specific speed. 

It is important to note that the zone of instability 
(pulsing power and surges) indicated on the Francis 
efficiency curve is absent on the Dériaz turbine when 
correct combination of guide-vane and runner-blade 
angles is observed. Not only is this instability elimi- 
nated, but in consequence the part-gate efficiency is 
raised to the maximum. 

On this model runner, the blades close on the entire 
length of their exit edge. This produces at small gate 
a better distribution of discharge than occurs on a 
Kaplan turbine. In consequence, the efficiency curve 
is higher than for the Kaplan at loads below 50%. 








Fig. 5. Profile of a Dériaz runner, showing the reduced 
extent of the inlet edge R, and the long operating 
lever L, 


WATER POWER February 1960 























REVERSIBLE PUMP-TURBINES. AXIAL FLOW, VARIABLE PITCH (KAPLAN) 





ie 











FATA PAA AAA Aa 





| 4 
py PUMP-TURBINES, MIXED FLOW, VARIABLE PITCH (DERIAZ) | a 
al | 





| 
FRANCIS TYPE ssid PUMP-TURBINES' (FIXED VANES) 
| ee LLL LLL ALLL LAAN | 


| 
| 
| | 
| (VARIABLE end 





| 
| 


|KAPLAN TURBINES 








AAA | 
i] | | 


- 
| | | 
| | | | 

| 


| 


oa irae 
IDERIAZ TURBINES (VARIABLE PITCH) 
y ZZ. APAKAA , 


ao a oo oe 








| 
| 

| | 
FRANCIS TURBINES (FIXED VANES) 



































ZL , Zia._—-ZA_ ZAZA 
| 
| | 
) 200 400 600 800 1000 1200 1400 1600 
L __HEAD FEET OF WATER ; 
° 100 400 500 


300 
METRES 


Fig. 6. Comparison of the maximum working heads of Kaplan, Francis and Dériaz turbines and 
pump-turbines 


as can be seen in comparing Fig. | and Fig. 2. 


Pumped Storage 

In recent years, the storage of energy by hydraulic 
means, with the consequent advantage of instan- 
taneous availability, has opened up new fields of appli- 
cation for water turbines and pumps. The fact that 
one and the same machine can be designed to operate 
in turn as a pump or as a turbine permits consider- 
able saving in the cost of plant and power station. 

Considerable interest arose in the project of the 
Hydro-electric Power Commission of Ontario for 
pumped storage at their Sir Adam Beck No. 2 generat- 
ing station at Niagara. In view of the large fluctuations 
in head—between 38 and 90 ft.—it was suggested that 
the flexibility of the variable-pitch machine would 
offer definite advantage over the fixed-vane conven- 
tional pump. 

It must be explained that for operation as a turbine, 
the machine rotates in the opposite direction to that 
for operation as a pump. The change to pump opera- 
tion necessitates starting in reverse from rest. In view 
of the very large size of the motor-generator, syn- 
chronous machines are the rule. These have a rela- 
tively low torque near synchronism, resulting in diffi- 
culty in running up to speed because of the heavy 
torque required by the fixed-blade pump when sub- 
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merged, even with shut gate. This difficulty can be 
overcome by pneumatisation, which consists in using 
compressed air to lower the water level in the pump 
suction pipe so as to permit starting the pump with 
the runner clear of the water. With the variable-pitch 
machine this complication disappears because the 
torque required to drive the turbine runner with the 
blades in the shut position is a very small fraction of 
the normal load torque. Provision for compressed air, 
with its bulky tanks and compressors, becomes un- 
necessary, and starting can be accomplished in a 
shorter time. 

The reversible version of the Dériaz machine with 
its oblique spiral casing shown in Fig. 8 is based on 
mixed-flow pump practice. This figure is a sectional 
elevation of the Niagara reversible pump-turbine. The 
oblique runner passages are continued straight 
through the pump diffuser into the spiral casing, 
which has a conical speed ring. The conical spiral 
casing reduces the overall diameter of the set and 
permits a reduction in the distance between sets. It 
also improves the streamlining of the water passages. 
As the runner vanes can be made to close completely, 
the gate apparatus is not essential and has been 
omitted. 

As the preliminary tests, carried out under 12 ft. 
of head, showed excellent promise, it was decided to 
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Fig. 7. Model test turbine of 24 in. runner diameter at tip of blade 
centreline. 1, 2, 3, conventional spiral casing, stayvanes and gate appara- 


tus of a Francis turbine 


repeat the tests under full prototype heads of between 
90 and 38 ft. A model turbine pump of smaller size 
was necessary, since the previous model of 24 in. 
diameter over the blade tip centreline would have re- 
quired too great an outlay of power and pump capa- 
City to operate under the full-head condition. From 
these tests it became clear that there was no instabi- 
lity. This is a point of major importance, as the start- 
ing operation of the pump can be carried out smoothly 
and the power input controlled to any desired load. 
The pump can be made to operate at best efficiency, 
or if desired at overload, to take account of the time 
available to fill the reservoir and of the pumping load 
permissible on the power network. The novelty of 
aoe 
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movable blades on a mixed-flow 
pump results in new and very in- 
teresting characteristics, because 
of the resulting variable diameter 
of the pump outlet’. 

Full advantage of the storage 
reservoir is obtained by drawing 
down the storage pond to very low 
level; hence great variations occur 
in the head under which the 
machines operates as_ turbine. 
However, to fulfil the conditions 
at Niagara, the discharge through 
the turbine was to be constant for 
all heads between 90 and 38 ft. 

At very low heads the efficiency 
of the turbine was of no great im- 
portance and was permitted to 
fall considerably, provided the 
synchronous speed and the dis- 
charge were maintained. 

This corresponds hydraulically 
to operating close to runaway con- 
ditions, under which heavy cavita- 
tion would occur in the draft tube. This could have 
been remedied by admission of air. which damps out 
the concussions, but the discharge would then have 
been insufficient. A solution was found by slowing 
down the rotational component of the velocity of the 
water before the inlet to the turbine runner. This was 
achieved by a suitable guiding arrangement in the 
form of flaps on the ends of the stay vanes shown in 
Fig. 8 and as described in a paper to the American 
Society of Mechanical Engineers’. 

Figs. 9 and 10 show the runner for the Niagara 
pump-turbines with the blades open and shut. 




















Fig. 8. Sectional elevation through reversible pump-turbine at Sir Adam Beck-Niagara pumping/generating 
station (Ontario) 
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Fig. 10. Same runner as in Fig. 8 but with blades shut 


Operating Experience 

During the period from September 1957 to June 
1958 all six of the Dériaz pump-turbines at Sir Adam 
Beck Niagara pumping-generating station were 
brought into use. All six units are now in regular 


Fig. 9. Runner of the pump-turbine at Niagara, blades daily use, operating as turbines during the day with 
open, assembly at site 


an average output of 20 MW each and as pumps de- 
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Fig. 11. Reversible pump-turbine for Valdecanas. Head 165 to 230 ft. Maximum turbine output 100,000 
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manding 36 MW each from the system during light 
load hours. A total service of over 10,000 operating 
hours in each mode of functioning has now been 
achieved, and up to the end of last year they had 
absorbed 400.000 MWh and generated 250,000 MWh. 

The units were commissioned at fairly regular inter- 
vals and no untoward difficulties presented themselves. 

The adjustment of the stayvane flap position was 
found to be an excellent means of achieving fine con- 
trol of turbine performance, and field tests were car- 
ried out on unit No. 2 to determine the optimum posi- 
tion. 

During these tests an opportunity was afforded to 
compare Winter Kennedy differential water-flow mea- 
surements on the prototype unit against those mea- 
surements taken on the test model, where discharges 
were determined by a standard weir. Close compari- 
son between both model and prototype was thus pos- 
sible. Consistent quantity/square root of differential 
pressure relationships were recorded. The Winter 
Kennedy flow measurement was found effective for 
the turbine operation, but for the pumping cycle the 
turbulence precluded satisfactory readings. 

The series of field tests conducted to check blade- 
opening-to-output relationships, overspeeds on turbine 
load rejection, or on loss of pump input, as well as 
hydraulic thrusts, has confirmed model tests and 
design predictions. The results of field performance 
tests to check pump and turbine efficiencies are not 
yet available. 

In operation the versatility and flexibility of opera- 
tion which arises from the variable-pitch blades is 
most significant. Starting up either as pump or turbine 
is achieved with the blades shut, resulting in low input 
torque, and a machine can be brought up to speed in 
about 15 sec. There is little or no hydraulic disturb- 
ance during starting. The machines can be left rotat- 
ing at synchronous speed as spinning reserve on the 
system until power demand or (when rotating in re- 
verse) system surplus energy dictates the degree of 
loading as required. Load or discharge can be rapidly 
picked up, or reduced, as local conditions demand. 

In addition, high overload pumping capacities are 
available for short periods within the capabilities of 
the electrical machines. On occasions when expected 
surplus energy, for one reason or another, is not avail- 
able during the early part of a night’s operating 
schedule, extra pumping capacity permits the reser- 
voir to be filled to the desired level in a shorter time 
than usual as soon as system conditions permit. 

Observation shows that to rotate the runner at 
speed with closed blades, and submerged in water 
under full head, requires 2,800 h.p.. which is just 
above 5% of the full-load pump input. Starting opera- 
tions, therefore. are very easy. For rotation in either 
direction the machines are run up as motors, by 
direct on-line starting. 


Further Developments 

One Dériaz turbine is being manufactured for 
30,500 b.h.p. under 180 ft. head at 300 r.p.m. for the 
North of Scotland Hydro-Electric Board for their 
power station at Culligran (Scotland). 

Design is proceeding on a new project for Spain, 
consisting of three reversible pump turbines, as shown 
in Fig. 11. The operating head here will vary from 
165 to 230 ft. and the maximum output, as a turbine, 
is to exceed 100,000 h.p. For this machine the con- 
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ventional gate apparatus and casing of Fig. 7 are re- 
tained. The Dériaz-type runners for these three 
machines have twelve blades. 

Work is proceeding in the hydraulics laboratories 
of The English Electric Company Ltd. to extend the 
field of application of the new machine, particularly 
in the direction of increased heads. As may be ima- 
gined, the machine will assume different forms accord- 
ing to each individual application, in the same way 
that Francis and Kaplan turbines vary according to 
the operating conditions. In other words, machines 
for a range of specific speeds are to be developed, and 
their suitability for various heads determined (see 
Fig. 6). 

Mention should be made of the experimental work 
carried out recently in the U.S.S.R., as described in 
the technical press in Russia*. The test results given 
in this article confirm the high efficiencies that can 
be achieved by the mixed-flow adjustable-blade tur- 
bine. 

The same author has presented a report’ at the 
Conference on Water Turbines in Brno in May 1958. 
This report refers to reversible water turbines, and 
applies the mixed-flow runner to the recently de- 
veloped tube turbines, which have a runner of the 
Kaplan type. 
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Fig. 13. Building the lower cofferdam during the river diversion operations in July 1959 


Trés Marias Dam 


This final article describes the construction operations, the 
power house and transmission line, and discusses financing 
and the power market 


PART 


Ik June 1956 the Sao Francisco Valley Commission 
(CVSF) signed an agreement with Centrais Elétricas 

de Minas Gerais (CEMIG), a power utility company 
controlled by the State of Minas Gerais, providing 
that: 

(a) all hydraulic structures such as dam, intake 
and penstocks connected with the river-flow control 
would be financed by CVSF; 

(b) all power facilities, including transmission lines, 
would be financed by CEMIG; 

(c) CEMIG would be responsible for the super- 
vision of design and construction of all works. 

The first engagements at the site towards the con- 
struction of the project started early in 1956 with the 
erection of the first houses and lodgings and the 
acceleration of the access-road construction. 

In May 1957 a “fixed fee under target estimate 
contract” for the construction of the project was 
awarded to a joint venture including four large U.S.A. 
contractors which had presented the best bid, as 
regard prices and terms, among seven U.S.A. and 
European firms. The construction of the civil works 
started in the middle of 1957 and is scheduled to 
be finished by the middle of 1961; power units No. 1 
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and No. 2 are expected to be commissioned not later 
than May and September 1961, respectively. 

Final design and construction of locks and access 
channels have been postponed until definite navigation 
plans are settled for the downstream stretch of the 
river between the dam and Pirapora, the southern 
terminal of river navigation. 


Access, Camp and Reservoir Activities 

Access to the site is made by a new road 93 km. 
long departing from a state highway in Corinto, rail- 
road terminal for the project, or by planes from Belo 
Horizonte (235 km.); the project has for this purpose 
one airstrip for small planes inside the camp area 
and a paved airfield for heav'er aircraft. 

The construction of the Trés Marias project has 
required an average of 3,500 workers, divided in two 
10-hour shifts, and about 500 qualified employees 
including foremen, specialists, engineers and adminis- 
trative personnel. 

A temporary town to accommodate 10,000 inhabi- 
tants was planned and built on the right bank, having 
all kinds of public services and facilities. It comprises 
the main camp with 122 family houses, 26 large lodg- 
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ings for bachelors, two administrative offices, a shop- 
ping centre, two schools, a hospital and a club, and 
an adjoining workers’ village with 650 houses. 

The problem of solving all the problems resulting 
from 1,130 sq. km. of reservoir flooding has been in 
itself another major task and required a separate 
organisation. Its functions are: 

(1) Property surveying and mapping of land tracts, 
utilising aerial survey maps and enlarged reservoir 
photographs (scale 1 : 10,000) with traced-on contour 
lines for the maximum and minimum pool levels, 
checked by an accurate ground-level control; at this 
stage these lines are marked on the terrain for later 
reservoir clearing. 

(2) Appraisal and land purchasing. 

(3) Relocation of roads and setting up of ferry- 
boats. 

The first part of the task is practically completed 
now. In order to speed up this laborious work, the 
field forces were equipped with a fleet of jeeps, motor 
boats, light earth-moving equipment for opening pene- 
tration roads and landing strips, and a small four- 
seater plane. 


River Diversion Plan and Construction Schedule 

Both the construction schedule and the diversion 
plan were divided into seven stages. A description of 
the operations for each construction stage is sum- 
marised below and should be understood with the 
help of Fig. 14. 


STAGE A (June—November 1957) 

The river to be forced to pass on the left portion 
of the stream channel. Remove tip of right bank 
(alluvium). Construction of river-crossing temporary 
bridge (/) to be made in the dry inside the cofferdams. 


STAGE B (December 1957—June 1959) 

Force the river through previously cleared section 
of the channel and pour concrete at the intake struc- 
ture (2) at least to El. 528. Pour bridge piers (3) and 
at the conduits (4), at least Nos. 1 to 4 to be finished. 
At the dam, begin excavation of cut-off at the right 
bank (5) and compact the upstream portion of left 
bank up to El. 544. On the power-house area, com- 
plete valve housing (6); leave a transverse rocky wall 
on the centre of power house (7); concrete south re- 
taining wall footings (8); begin pouring concrete on 
units 1 and 2 substructures; complete west tailrace 
retaining wall (9). 


STAGE C (July 1959-November 1959) 

The river to be diverted through conduits 5 to 8. 
At the dam, complete cut-off in the right bank, fill 
previous channel up to El. 544 and proceed with fill 
placing. At the intake, concrete up to El. 546. At the 
power house, start work on service bay (/0); complete 
substructures for units 1 and 2, complete east tailrace 
wall (//) and south retaining wall (8). At the spillway, 
start excavation. 


STAGE D (December 1959-April 1960) 

The river to be diverted through conduits 3 to 8. 
At the intake, complete the structure (/2). Start build- 
ing access fill and bridge (3). At its spillway. proceed 
with excavation (/3). At the power house, complete 
service block; start assembling Unit 1. 
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STAGE E (May—November 1960) 
The river to be diverted through conduits 5 to 8. 
At the dam, earthfill to be completed at least to El. 
556. At the intake access, complete bridge (3). At its 
spillway, complete excavation; build access wall (/5) 
and weir (/5); start construction of power house 
access bridge (/6). At the power house, proceed 
assembling and finish concrete for Unit 1; start 
assembling of Unit 2 and concrete work of Unit 3 
substructure; eventual installation of valves (6). 


STAGE F (December 1960-—April 1961) 

The intake gates are closed at the end of the period, 
river-flow control begins through valves (6); the reser- 
voir starts filling. The river during this stage is 
diverted through conduits 3 to 8. At the dam, com- 
plete the fill. At the spillway, start installation of 
radial gates (/5); start spillway-canal lining (/7); 
finish power-house access bridge (/6). At the power 
house, place Unit 1 on line; proceed assembling and 
finish concrete for Unit 2. 


STAGE G (May-September 1961) 

River discharge is effected through Units 1 and 2 
and valves; proceed with reservoir filling. At the spill- 
way. complete installation of radial gates (/5) and the 
canal concrete lining (/7). At the power house, Units 
1 and 2 on line; remove rocky wall on the centre of 
the power house (7); complete substructure for re- 
maining units. 


Excavation 

The greatest portion of excavation was done on the 
right abutment for the intake, conduits and power- 
house structures; the total expected volume of excava- 
tion at the completion of the job will be around 
5,720,000 cu. m. as follows: 920,000 cu. m. for the 
intake and conduits, 850,000 cu. m. for the power 
house, 2,450,000 cu. m. for the spillway, and 1,500,000 
cu. m. for the dam. 

The excavation on the conduit and power-house 
area was handled very carefully in order to minimise 
the overbreak and damage to the highly jointed 
foundation rock; the contractor has resorted in those 
areas to the line-drilling method. Intense differential 
weathering as well as highly fissured rock on the right 
abutment have determined the need of a positive cut- 
off down to sound rock. Although the excavated 
material can be used on the downstream shell of the 
earth dam, some 300,000 cu. m. resulting from this 
cut-off were thus added to the total excavation to be 
made. Foundation on the sound rock river bed pre- 
sents no special problems other than detailed clean- 
up of rock surface, particularly under the core. 

On the left-bank flood plain all the medium to soft 
clay and inorganic silts were excavated to a volume 
of 900,000 cu. m. and a shallow cut-off trench pro- 
vided through decomposed silt-stone underlying these 
alluvial deposits. Upper horizons of tertiary red clay 
on the left abutment deserved detailed field and 
laboratory investigations due to the exceptionally 
loose structure of the clay, in some respects with a 
resemblance of a loess soil. Foundation excavation 
removed the top two metres of the porous clays to 
a total 250,000 cu. m. 
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Earthfill Construction 

With nearly level borrow pits and long downgrade 
hauls, the use of elevating graders and fast-moving 
bottom dumpers was found to be the most suitable 
method of earth moving for Trés Marias. The earth, 
once dumped at proper location on the fill, is spread 
in windrows to a depth of 25 cm. and compacted by 
tractor-drawn sheepsfoot and rubber-tyred rollers. 
the first for the core (zone 1) and the second for outer 
shells (zones 2 and 3); the compaction pressure trans- 
mitted by the sheepsfoot rollers is 30 kg. per sq. cm., 
while 50 ton pneumatic rollers operate with 85 Ib. per 
sq. in. of tyre pressure. 

The core is compacted at a moisture content within 
the range of 1% above and 1% below the optimum 
(in order to ensure a more plastic condition), while 
for zones 2 and 3 the specified range is from optimum 
water content to 3% below optimum. Silty clay with 
medium to low plasticity (CL type in the unified soil 
classification) is compacted in the core. Siltier clays 
to clayey silts (CL-ML) are placed in the outer shells. 
Dry density of compacted soil averages 1:71 g. per 
cu. cm. for a water content of about 18:5%. The num- 
ber of passes required to obtain the specified 98% of 
maximum dry density of the standard Proctor test is 


9 for zone 1 and 4 for zones 2 and 3. 

Control of compaction has been very tight, one 
sample being taken on the average for testing for each 
550 cu. m. placed in the fill; use is made now of the 
Hilf’s method which has been utilised in the last five 
years in U.S. Bureau of Reclamation jobs and has 
proved to give more accurate results in a shorter time 
than the classical methods. 

The main equipment employed for the fill opera- 
tions consists of: 

Three P. & H. elevating graders with loading 
capacity of 12 cu. m. per min. 

One Euclid elevating grader with loading capacity 
of 20 cu. m. per min. 

Thirty-two caterpillar-type DW-20 bottom dumpers 
of 20 cu. m. capacity. 

Seven scrapers of 12 cu. m. capacity. 

Ten caterpillar D-8 tractors. 

Two caterpillar, model 12, motor graders. 

Four sheepsfoot rollers. 

Two 50-ton rubber-tyred rollers. 

The average daily rate of fill placed during dry 
months has been about 13,000 cu. m. and the maxi- 
mum volume placed in a single month, up to the pre- 
sent time, was 490,000 cu. m. in August 1958. The 
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Fig. 15. The transmission line network as contemplated for 1962 
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Fig. 16. Aerial view of the Trés Marias dam site 


total volumes required for the dam are: 13 million cu. 
m. of impervious clay, 412,000 cu. m. of sand and 
380,000 cu. m. of rock. 

In order to follow the development of pore pres- 
sures during and after construction, 52 piezometers 
have already been installed in the fill and six in com- 
pressible foundation; they will amount to 106 upon 
completion of the dam and are of four different types: 
48 Vertical-Casagrande; 12 Soil Mechanics Ltd., hori- 
zontal porous-cell; 10 Mayhak horizontal, electric 
cell, and 36 Geotécnica horizontal, porous-cell. 


Concrete Production 

Due to the fact that most of the concrete in Trés 
Marias is for reinforced-concrete structures, the 
maximum size aggregate was limited to 3 in., the 
different grades produced at quarry being 3 in., 14 in. 
} in. and rock chips (retained on 4-8 mm. sieve). Three 
types of concrete are employed: 

(1) Type A with water-cement ratio of 0°55, 350 
kg. of cement, 14 in. maximum diameter aggre- 
gate and minimum 28 day strength of 211 kg. per 
sq. cm. (3,000 Ib. per sq. in.). 

(2) Type B with water-cement ratio of 0°55, 300 
kg. of cement, 3 in. maximum size aggregate and 
minimum 28 day strength of 211 kg. per sq. cm. 

(3) Type C with water-cement ratio of 0-80, 180 
kg. of cement, 3 in. maximum size aggregate and a 
minimum 28 day strength of 105 kg. per sq. cm. 
(1.500 Ib. per sq. in.). 


WATER POWER February 1960 


Type A concrete is specified for the intake, spillway. 
power house and retaining walls; type B for the con- 
duit encasement and type C for backfilling pours. 

In view of the distance between the several con- 
crete structures, it was decided to produce the con- 
crete in one central batch plant, a 60 cu. yard Johnson 
unit, and distribute the concrete using transit-mixers 
mounted on 15 ton Euclid trucks. 

Part of the sand was obtained by pumping the 
river bed, but most of the good graded sand had to 
be hauled from another valley over a considerable 
distance (105 km.). Aggregate is produced by a crush- 
ing plant equipped with Allis-Chalmers crushers, in- 
cluding a 42 in. x 32 in. jaw crusher, a type 1260 
hydrocone and a type 636 hydrocone. Separation is 
achieved by a 4 ft. x 6 ft. vibrating grizzly, a 5 ft. 
x 12 ft. scalping screen for 3 in. and a 4 ft. x 12 ft. 
triple-deck sizing screen for 14 in. x } in. and } in. 
Adequate conveyors pile the aggregate on the ground, 
and an Eimco 105 loader is used to load the trucks. 

At the quarry two Bucyrus Erie 54B shovels and 
15 ton Euclid trucks are used to haul the rock to the 
crushing plant. Rock drilling at the quarry and else- 
where at the job is done by Ingersoll Rand type X-71 
wagon drills and one I.R. Drill Master. 

The total volume of concrete for the job (excluding 
the locks) amounts to 295,000 cu. m., 41,000 cu. m. 
being for the intake, 145,000 cu. m. for the penstock 
encasement, 20,000 cu. m. for the power house, 70.000 
cu. m. for the spillway and 25,000 cu. m. for the re- 
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taining walls, intake access bridges, dam parapet wall 
and miscellaneous structures. 


Penstock Fabrication 

Due to the unusual proportions (6:60 m. diameter) 
and the great length (totalling 2-069 m.), it was decided 
to fabricate the penstock at the site. The fact that the 
Brazilian steel mills could roll only up to 5 ft. wide 
plates increased considerably the number of welds; 
the amount of work done in the penstock fabrication 
was then considerable, but fortunately the perform- 
ance was very good. Altogether, 298 sections of pipe 
requiring approximately 36,000 m. of welding were 
completed in 11 months, including the X-ray control; 
production in a single day averaged one complete 
section (17-40 m. long) entirely finished and tested. 

The fabrication plant included the following main 
items: 

One 50 ton gantry crane and two transit cranes for 
handling the plates and completed sections; one 6 ft. 
Bertsch plate-bending machine; eight sets of motor- 
driven rollers; five Union-Melt automatic welding 
machines; 20 Lincoln portable welders; seven Oxweld 
automatic plate-cutting machines. Quality control was 
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Fig. 
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17. Aerial view showing stage B during January 1959 


made with the help of X-ray and cobalt gamma-ray 
units. 


Power House 

The Trés Marias power house will be located on 
the right bank of the river (see Fig. 17) at the toe of 
the dam with the main axis parallel to the axis of 
the dam. The power-house dimensions at the top 
floor, El. 519-5, will be 190 m. long by 32 m. wide 
and the maximum height above the draft-tube founda- 
tion will be 26 m. 

The plant will have an ultimate installation of eight 
65 MW units. The initial programme contemplates 
the installation of two units, and it is foreseen that the 
market growth requires the remaining units to be 
installed at a rate of one per year. Besides the con- 
struction of the service-bay block, control building 
and two complete bays, the initial programme also 
calls for six empty stalls with no power installation, 
the downstream walls and part of the draft tube of 
the blocks 3 to 8 being built immediately to facilitate 
the cofferdamming of future units. 

In order to meet navigation requirements down- 
stream, at the time that reservoir level is below spill- 
way crest, releases from the tur- 
bines will be supplemented by 
regulated flow through two cone- 
type valves, 108 in. in diameter, 
to be temporarily installed at the 
end of the penstocks 7 and 8, with 
a rated discharge of 150 cu. m. per 
sec. under 50 m. head. These 
valves will eventually be replaced 
by turbines. 

The power house will be of the 
semi-outdoor type, since this type 
of construction was proved to be 
more economical for such a long 
structure and also permits erec- 
tion of the units to be speeded up 
by using initially a revolving 
crane for the first embedded parts 
and immediately afterwards the 
service gantry crane, which may 
be erected outside without inter- 
fering with the civil work. Besides, 
it was necessary to place the 
access road above the maximum 
expected tailwater level (El. 
518-00 m.) and the semi-outdoor 
type satisfied this requirement 
also. The handling of permanent 
equipment and of the draft-tube 
gates will be also favoured by the 
use of the gantry crane. 

The generating units will be 
spaced 21 m. between centres, and 
the power house will be divided 
into eight individual unit blocks 
(not including the service bay) by 
means of contraction joints spaced 
also at 21 m. and extending from 
the foundation up to the roof. The 
service bay will be on the extreme 
right of the power house and will 
be 24 m. wide. Two hatches closed 
by steel covers will permit the 
passage of equipment. 
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Fig. 18. Circuit diagram for Trés Marias power station 


The transformer deck will be located at El. 519-50 
upstream of the units, between the south main re- 
taining wall and the gantry crane upstream rail. A 
transfer track will permit the removal of any trans- 
former to the service bay for maintenance or untank- 
ing. The generator floor will be at El. 514-10 and the 
governor floor at El. 509-90, at the same elevation 
as the erection floor in the service bay. 

One interesting feature of the design is that the 
usual drainage and unwatering gallery has been eli- 
minated; instead, individual access to each unit will 
be provided, simplifying the construction of the power- 
house substruc:ure. The unwatering valves, which 
connect each draft tube to a header 24 in. in diameter, 
will be operated from the governor floor; for this 
purpose a vertical shaft is provided between each 
two units. 

The control building will be located on the right 
bank, immediately downstream from the service bay, 
and will consist of three floors: Upper floor at El. 
520°3 includes the reception room, control room, 
offices, lavatories, passages, etc.; middle foor at El. 
517-00, on which will be located the cable cellar, stor- 
age of light pieces of equipment, air-conditioning or 
ventilation equipment, battery room, lavatories, and 
showers, conference room, etc.; lower floor at EI. 
509-90, consisting of a room opening directly into the 
service-bay erection floor and will serve for the storage 
of heavy spare equipment. A monorail runs between 
this room and the service bay. 
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Turbines 

The turbine selection involved some interesting 
studies due to the following two main factors: 

(a) Seeing that the operation of the reservoir is 
controlled by the downstream navigation require- 
ments, a somewhat rigid programme of water releases 
will have to be followed, so that the net head may 
vary from 55 m. maximum to 32 m. minimum in 
extreme dry periods. 

(b) As already explained, the water passages take 
the form of eight parallel steel penstocks, encased in 
concrete and built underneath the earth embankment. 
The penstocks have a length of 320 m.. and as no 
surge tank was desired in order to reduce costs and 
simplify the construction, the capacity of each unit 
is limited by the maximum permissible rise in speed 
and pressure. 

It was found by several economic comparisons that 
a Kaplan turbine rated at 90,000 h.p. at 50 m. head, 
which is the average weighted head for the average 
hydrological period, would be the best solution. For 
this rating, the turbine could be designed without 
the cost of complication of relief valves, as with 8 sec. 
closing governor time the overspeed and overpressure 
could be kept under 40% of the normal values as 
adopted for the penstock design. Of course the fly- 
wheel effect of the generator had to be larger than 
normal, but the price increase was fully justified, con- 
sidering also that better on-load and general stability 
conditions would be obtained. 
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The first units are under construction and incor- 
porate the most modern European practice in 
machines of this type, and rank among the most 
powerful high-head Kaplans ever built. 

The units rotate at 163-6 r.p.m. and are rated at 
90,000 h.p. at 50 m. head and 100,000 h.p. when run- 
ning at full gate under a head of 55 m., the maximum 
discharge being 150 cu. m. per sec. However, since 
the turbine output will be appreciably reduced for 
low reservoir levels (50,000 h.p. under 32 m. minimum 
head) the design favoured blocking the turbine at 
90,000 h.p., which resulted in a more economic design 
of the generators, transformers and transmission 
equipment. 

The major interesting features of the Trés Marias 
turbines are: 

(1) The thrust bearing. designed for a total load 
of 1,300 tons, is mounted on the head cover of the 
turbine and can be dismantled without any interfer- 
ence with the generator. 

(2) The runner has a diameter of 4-65 m. and in- 
cludes eight blades of stainless steel. The joint weight 
of the turbine runner and shaft will amount to 150 
tons, and the heaviest single piece of the turbine is 
the shaft weighing 83 tons. 

(3) The servomotors for the guide vanes will be of 
the annular type mounted on the turbine cover, the 
cylinders and the regulating ring forming a combined 
piece, with all the torques remaining within the steel 
cover. Through this arrangement no regulating torque 
will have to be supported by the concre‘*e structures. 


Generators 

The main generators are rated at 68,000 kVA, 0-95 
p.f., 13.800 V, and were designed to stand a runaway 
speed of 338 r.p.m. The short-circuit ratio is 1-34 so 
as to help in the solution of some difficult transmis- 
sion problems. The flywheel effect was increased to 
10,500 ton m.* in order to improve the turbine regula- 
tion. 

The excitation system has been specially studied in 
order to provide the quickest possible field suppres- 
sion in case of loss of load to limit the resulting over- 
voltages to reasonable values. 

The exciters are separately connected and driven 
by induction motors. In order to make excitation 
available even in the event of a collapse of the plant 
auxiliary system, the induction motors are fed from 
auxiliary self-excited synchronous generators mounted 
on the main generator shafts. The exciter has two 
field windings: the main field winding for normal 
conditions and the counter-exciter winding for fast 
de-excitation. The voltage is normally controlled by 
means of a static magnetically amplified voltage 
regulator. For an extremely fast de-excitation the main 
generator field is discharged through one of the exciter 
field windings where the voltage developed will apply 
counter excitation to the main generator field. Thus a 
very rapid decay of positive excitation and build up 
of negative excitation is achieved. The voltage decays 
from nominal value to zero in two sec. 


Auxiliary Services 

Power for auxiliary services can be taken either 
frorn the first two s‘ep-up transformer tertiaries or 
from a step-down 69/13-8 kV regulating transformer, 
connected to the main bus through the 287-5/138/69 
kV auto-transformer. As standby, a diesel set is em- 
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ployed, which will be able to supply the essentiai 
auxiliaries, since power from the existing system could 
not be fed into 1rés Marias because the system has 
no capacity to charge the line. 


High-Voltage Substation 

Owing to site difficulties, it was decided to leave 
the main step-up transformers close to the power 
house and install the switchyard approximately 300 
m. from the plant. 

The main first-stage banks of 75 MVA each consist 
of three single-phase forced-air-cooled transformers, 
raising the voltage from 13-8 kV to 287:5 kV. The 
transformers include a 13-8 kV delta-connected ter- 
tiary winding. 

The main circuit breakers are of the air-blast type 
with an interrupting capacity of 12,000 MVA at 300 
kV and suitable for single or three-phase high-speed 
reclosing. 

Fig. i8 shows a simplified single-line electrical 
diagram. 


Main Transmission Lines 

The bulk of the power from Trés Marias will be 
transmitted through two 250 km. 300 kV lines to the 
region of Belo Horizonte (Barreiro substation) where 
it will be stepped down to 138 kV and distributed 
through the existing CEMIG system. The balance of 
the power will be transmitted to the north and the 
west of the state through two 138 kV lines and one 
69 kV line. 

Economic studies showed that a voltage level of 
300 kV (maximum operating voltage) was best suited 
for the case, permitting also better operation at the 
initial stage when one single 68 MVA generator may 
have to charge the first line. However, in view of the 
possibilities of other hydro-electric developments in 
the Trés Marias area it was decided to design the line 
with clearances permitting future operation up to the 
345 kV level. If then considered necessary, the first 
line may be easily changed after the construction of 
the second line and before the commissioning of units 
7 and 8. 

The main lines, of which the first is under construc- 
tion, will have towers for single-circuit horizontal- 
conductor disposition, corset type, that were designed 
by S.A.E., Milan, and built in Brazil by an affiliated 
company, Sociedade Brasileira de Eletrificagéo, in 
Belo Horizonte. These towers support twin 795 MCM 
ACSR conductors per phase and two } in. galvanised- 
steel earth wires with 25,000 lb. breaking strength. 
Approximately 60% of the towers will be of the nar- 
row-base lightweight type with provision for the two 
earth wires to act as guys in case of failure of two 
conductors of any phase. The remaining 40% of the 
towers will be composed of conventional normal- 
base towers, designed to withstand any one bundle 
broken. 

Insulator strings of 15 standard 10 in. x 5} in.. 
25,000 Ib. insulators with grading rings will be used 
on the suspension towers. 

As only one line will be operating for some time 
with a load of 270 MVA, representing about half of 
the CEMIG system at the time, it was decided to pro- 
vide single-phase reclosing to minimise the interrup- 
tion time. Also special devices were incorporated in 
the system to avoid excessive overvoltages in case of 
loss of load. These include a fast earthing breaker at 
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Fig. 19. View showing the beginning of stage C with penstocks under construction 


the receiving end, fast-response generator-voltage 
regulation as already described, and installation of 
reactors at both ends. 


Power Market 

Power from Trés Marias will be transmitted to 
CEMIG load centres in the central area of the State 
and to Montes Claros area on the north. The central 
area, served by CEMIG’s main transmission line 
system, is very rich in mineral resources and possesses 
some of the biggest known resources in the world of 
high-grade iron and manganese ores. During the last 
five years its power consumption has doubled, reach- 
ing 2 billion kWh in 1958. This has been chiefly due 
to power then made available and to the concentration 
of new high-power-consuming industries, mainly 
metallurgical, installed since 1955. Market studies for 
the region, with an observed increase rate of 15% 
cumulative per year, have estimated a consumption 
of 6 billion kWh by 1965, allowance being made for 
the introduction of an electro-chemicai industry. 

Fig. 15 shows the location of the Trés Marias dam 
and CEMIG’s power-transmission network as it will 
be at the end of 1962. At that time a 345 kV transmis- 
sion line from Peixotos and Furnas stations, both 
located on the Rio Grande, to Belo Horizonte, will 
make possibie the integration of the whole Brazilian 
central-eastern power system, comprising states of 
S. Paulo, Minas Gerais, Rio de Janeiro, the Federal 
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District and northern part of the state of Parana. 


Cost and Finance 

The total cost of the dam, spillway, intake and all 
other river-control structures is at present estimated 
at 7 billion cruzeiros or approximately $47 million at 
a rate of 150 cruzeiros per dollar. 

The power-generation and main-transmission faci- 
lities are estimated at present at 5 billion cruzeiros or 
approximately $33 million—this total referring to the 
final capacity of 520 MW and including both 300 kV 
250 km. transmission lines. 

The parcel of 7 billion cruzeiros pertaining to the 
cost of the dam proper is being supplied by the 
Federal Government through budget appropriations 
for the S. Francisco Valley Authority plus a long- 
term loan from the National Economic Development 
Bank (BNDE). The amount of 5 billion cruzeiros re- 
ferring to the power-producing and transmission in- 
stallations is being covered by CEMIG’s own funds, 
with the assistance of financing obtained from the 
main equipment manufacturers. 

The expected cost of the kWh certainly will be low; 
a large share of the dam cost will be charged to river 
regulation for navigation and flood-control purposes. 
This circumstance makes Trés Marias power particu- 
larly interesting for the electro-metallurgical and elec- 
tro-chemical industries, which have also found other 
attractions in the area. 
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Fig. 20. Draft tube form for unit No. 1 aid penstocks Nos. 1 and 2—July 1959 
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The main electrical and mechanical suppliers are: 


Turbines 
J. M. Voith GmbH (Germany). 
Generators, Main Transformers, Indoor Switchgear and 
Auxiliaries 
Siemens Schuckertwerke A.G. (Germany). 
Other Transformers 
Brown Boveri (Brazil). 
Outdoor Switchgear 
ASEA (Sweden). 
Transmission-line Towers 
Sociedade Brasileira de Eletrificagao (Brazil). 
Transmission-line Conductor 
A.B. Svenska Metalverken (Sweden). 
Insulators 
Locke, U.S.A. 
Step-down Switchgear 
Sprecher & Schuh (Switzerland), 
Stepdown Transformers and Synchronous Condensers 
I. General Electrical (U.S.A.). 
Spillway Gates and Intake Gantry Crane 
Mecanica Pesada S.A. (Brazil). 
Power House Gantry Cranes 
Bardella S/A (Brazil). 
Intake Gates and Hoists 
Ishikawajima Heavy Industries (Japan). 
Intake and Draft-Tube Stoplogs 
Bardella S/A (Brazil). 
Trashracks 
IMEC (Brazil). 
Outlet Valves 
Neyrpic-Mecanica Pesada (Brazil). 
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The Power Picture in British Columbia 


A condensation is given of an address to the North- 

west Electric and Power Association, September 28, 

1959, by A. E. Grauer, President, British Columbia 
Electric Company Limited 


RITISH COLUMBIA’S water power potential is 
Bor the order of 30 million kW, of which less than 
3 million has so far been harnessed. Over 30% 
of Canada’s total possible hydro-electric development 
lies in B.C. and the Yukon. Alaska, Washington, 
Oregon and Idaho are similarly favoured by nature. 
In all, about one-third of the hydraulic resources of 
Canada and the United States are associated with 
rivers and streams which rise and flow through the 
Western Cordillera of North America to the sea. 
Here indeed is an area for international co-operation! 
Some idea of the magnitude of B.C.’s potential can 
be gained when it is realised that the total installed 
capacity for Great Britain is about 30 million kW, for 
West Germany about 21 million kW, and for France, 
Canada and Japan, respectively, in the neighbourhood 
of 18 million kW*. B.C.’s water-power potential of 
30 million kW is widely distributed in the Province 
and, I believe, may helpfully be reviewed in three 
categories in terms of its location and possible uses. 
First, there are potential generating sites which are 
remote and inaccessible to the concentration of popu- 
lation in the southwest. The Kemano-Kitimat project 
is a good example of this type. The generating site is 
so extensively hemmed in by mountains that it would 
not be feasible to transmit the power to centres of 
population in south-western British Columbia. 
Apart from forest, mining and metallurgical develop- 
ments, a power-consuming industry located near such 
a generating site is the only economic answer to this 
sort of situation. 


Power and the “Panhandle” 

North of Kitimat, there are two more potentially 
large hydro projects that between them are rated from 
5 to 7 million kW; the Stikine-Iskut-Dease Lake 
watershed and the Yukon-Atlin-Taku group of lakes 
and streams. The latter, which is probably the bigger 
of the two, straddles the B.C.-Yukon border, and the 
question here is whether or not there is a port in B.C. 
on the Taku River, fifty air miles from Juneau, where 
the energy could be used. 

If there is no port in B.C., one possibility would be 
to use most of the energy at tidewater in the Alaskan 
Panhandle, as was proposed by the Aluminium Com- 
pany of America. But the governments of B.C. and 
Canada, not unnaturally, have been unwilling to see 
such a valuable resource go across the border. 

Another possibility is to provide B.C. with one or 
more corridors through the Alaskan Panhandle to 
the sea. This proposal received impetus from 
Governor William A. Egan, of Alaska, who said it 
was quite evident that additional means of access 
through the Alaskan Panhandle are needed and 





* World Power Data for 1957, published by Bureau of Power, Federal 
Power Commission, July | 
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Alaska was quite prepared to plan such developments 
with its Canadian neighbours. He added that Alaska 
was now in a position to select the lands necessary for 
the establishment of the port facilities that the cor- 
ridor would require. Needless to say, the implementa- 
tion of any such a policy of international co-operation 
would be a tremendous economic boon to north- 
western B.C. and to the utilisation of its potential 
hydro resources. The Liard river, flowing from the 
Yukon eastwards across the northern part of B.C., is 
a borderline case from the point of view of my pre- 
sent discussion. Part of its extensive potential could 
be diverted through Dease lake to the coast, where 
it could be used at tide water level. However, it has 
also been proposed that the Liard be diverted into the 
Peace river system, in which case the resulting hydro 
would be available for the whole central and south- 
western part of B.C. 


Remote But Accessible Sources 

In the second category are those sites remote but 
nevertheless accessible to centres of population. The 
two outstanding examples here are the Peace river 
with more than 3 million kW capacity available near 
Hudson Hope as well as perhaps another million kW 
downstream in B.C., and the Upper Columbia with 
almost 4 million kW at sites on upstream locations 
and something like 3 to 4 million kW downstream. 
In this category should also be included the 
Homathko-Chilco with a potential of about 500,000 
kW on the Homathko river and another 500,000 kW 
on the Chilco; the latter, however, is complicated by 
the salmon problem. It is under investigation cur- 
rently by the B.C. Power Commission for possible 
use in its service areas on Vancouver Island. 


The cost of power at centres of population is a 
function of how good the dam sites are, the length of 
the transmission lines and the relative ruggedness of 
the terrain over which the transmission lines must go. 
Assuming that there are no unusual difficulties in the 
dams on the Peace and Columbia rivers, respectively, 
the Peace river has a longer transmission line to the 
centre of population and industry in the Lower Main- 
land area (550 miles compared to 350 miles from the 
Upper Columbia), but the Upper Columbia lines 
would have to go over more rugged territory. 

In both cases, industries which could be located at 
site would receive cheap power, just as the Consoli- 
dated Mining and Smelting Company does at Trail 
from the Kootenay and Pend d’Oreille rivers. The 
chief prospects for industrial development at sites in 
the Peace and Columbia areas are based upon forests 
and mines. Both regions would appear to have good 
prospects here, the Peace river potential being con- 
siderably more extensive. 
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Easily Accessible Power Sites 

My third category of B.C.’s water-power develop- 
ment comprises all those sites reasonably close to 
centres of population. The Fraser is by far the largest 
undeveloped river in this category. It closely ap- 
proaches the classical type of low-cost power station 
lying near to centres of population, and additional 
storage can be provided cheaply; moreover the water 
can be used over and over again at different sites on 
the downstream course. As compared to maximum to 
minimum flow of Peace river (150 to 1) the Fraser 
is only 30 to 1. Even that is high compared with the 
Winnipeg river (6 to 1) and the St. Lawrence (2 to 1), 
which give rise to typical low-cost hydro stations. 
The only rivers of this kind in B.C. are the Kootenay, 
which is fully developed, and the Pend d’Oreille, 
which is under development; but power from both 
of these rivers is available only to the Kootenays. 

The Fraser, with a potential of some 6 million kW, 
could accommodate about 10:5 million kW by divert- 
ing the flood waters of the Columbia into it. The 
Fraser, however, happens to be the world’s best sal- 
mon river, and it has been the policy of both the 
Federal and Provincial Governments not to allow any 
development on the Fraser until techniques are avail- 
able which will permit power stations to be installed 
without interfering with the salmon runs. 

The downstream benefits of the Columbia are a 
special case and should also be listed under this third 
category. They represent the only substantial block of 
really cheap power available to the populous Lower 
Mainland of B.C. and to Vancouver Island; this 
energy that could be delivered to the international 
border at somewhere around two mills. per kWh. 
This area would benefit greatly by the acquisition of 
a block of such low-cost electricity, which would 
average down the cost of the energy derived from the 
higher cost rivers that have had to be developed, and 
tu assist in counteracting the increasing costs that 
have characterised the post-war period. 


The Columbia High Dam 

The high dam on the Upper Columbia, which is 
usually placed at Mica Creek, will produce the largest 
single block of downstream benefits on the Lower 
Columbia. Therefore, when this high dam is built, 
there will immediately be available, at generating 
plants already installed, a block of extremely cheap 
power of the order of 1,700,000 kW at good load fac- 
tor. This energy could be delivered to any of the 
cities in the Pacific Northwest of Canada or the 
United States at an unusually low price. That is why 
each country is determined to get its fair share of this 
power and why Canadian governments have insisted 
that Canada be paid in power. 

Summing up this analysis of B.C.’s water-power 
picture, it is apparent that three big rivers—the 
Peace, the Columbia and the Fraser—have between 
them an undeveloped capacity that can conservatively 
be placed at 15 million kW. The development of the 
Fraser would have to come last because of the fish 
problem, but there is a general expectation that pro- 
perly directed and financed research will offer a solu- 
tion and allow peaceful co-existence of salmon runs 
and power installations. 

The full power development of all these three rivers 
would represent a construction programme of some 
$3 billion. Such a programme would spell prosperity 
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to British Columbia in its constructional phase for at 
least a generation and would be of lasting importance 
tu the whole of the Pacific Northwest. 

Depending upon the rate of load growth, which has 
now picked up, additional sources of electricity will 
be needed on the United States side of the border in 
the Pacific Northwest, beginning somewhere between 
1964 and 1966. Various parts of British Columbia 
that can be supplied from these rivers will require 
new sources of power commencing somewhere be- 
tween 1966 and 1972. There would seem, therefore, 
to be a happy conjuncture of demand and supply for 
hydro building up from the mid-1960’s onwards. 

I would like at this point to review certain funda- 
mental attributes of big hydro power development. 


A Wasting Asset 

The first relates to the waste aspect of water power. 
Unless water flow is used it is gone for ever, but un- 
like natural gas and oil annually replenishes itself. 
Because of these characteristics, water power is some- 
thing to be developed as soon as possible. 

I also wish to draw attention to the economics of 
power. Power that can be used for diversified resi- 
dential, commercial and industrial load is much more 
valuable per kWh and supports many more people 
and develops much greater taxable capacity than the 
same amount of power used for industria! consump- 
tion. This is exemplified by comparing Kitimat with 
the B.C. Electric system. Kitimat has an installed 
capacity of about 780 MW, while the whole of the 
B.C. Electric system has approximately 1,000 MW. 
Yet the population, industry and taxable capacity of 
the area served by the B.C. Electric is many, many 
times that served by Kitimat. Fortunately, as our 
earlier analysis showed, British Columbia has a good 
deal of potential water power available for both types 
of requirement. 

My third point relates to the financing of big power 
projects. The sooner a large hydro project can be 
brought beyond the break-even point and into the 
profitable area, the easier it will be to finance it—an 
increasing problem these days—and the cheaper the 
overall kWh cost will be. Dams, transmission lines 
and power houses must be built for much more than 
the generating machines demand in the early stages. 
Deficits. which must be capitalised. are inevitable 
at the beginning of such large developments of this 
kind. 

Therefore, the sooner sales can justify the installa- 
tion of a profitable number of generating units, the 
lower will be the cost for the whole programme. This 
is particularly true of the Peace river, where over 3 
million kW can be developed at one site. By contrast, 
the high dam on the Columbia is immediately eco- 
nomic, even without a power plant, because of its 
great contribution to the regulation of the river and 
to flood control. 


The Ability to Export Power 

Similarly, the Fraser, because it has a number of 
generating sites of varying sizes, could be developed 
efficiently in a series of separate projects. From any 
viewpoint there is a strong case for the export of some 
power to the Pacific Northwest in the United States 
from either the Peace or the Columbia, whichever 
comes into being first. 

The annual increase in demand for electric energy 
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in the United States Pacific Northwest is several times 
what it is in British Columbia. Accordingly, the ex- 
port of power would allow the hydro developmeni 
of either the Columbia or the Peace river to take 
place more rapidly. Such export must, of course, be 
on a recapturable basis, because the longer term 
giowth trends in British Columbia are such that any 
block of power that is exported around the latter 
1960s will almost certainly be needed in British 
Columbia fifteen or twenty years later. Even by 1968, 
for example, the combined annual load growth of the 
B.C. Electric and the B.C. Power Commission will 
be over 300 MW, without allowing for any special 
loads. This programme of recapturable export should 
fit into the United States planning very well because 
it would permit the postponement of investment in 
thermal plants or their probable successors, nuclear 
plants, for a period of years. 


Power Now Costs More 

American utility companies interested in purchas- 
ing power from the Peace river or the Upper Colum- 
bia should realize that this will not be the cheap 
power they have become used to since the setting up 
of the Bonneville Power Authority in 1937, and 
which has been able to charge off important parts of 
the cost of generation on fiood control, irrigation and 
navigation. 

In addition, costs of power construction have gone 
up enormously since the building of the Grand Coulee 
Dam on the Lower Columbia in the 1930s; for that 
matter, they have gone up sharply even since the 
Korean war of 1950. Indeed, with a rare exception, 
such as the downstream benefits resulting from the 
regulation of the Columbia by dams in British 
Columbia, there is no place one can turn to now for 
cheap power in the sense that Washington and Oregon 
have become accustomed to it. 

It is this fact, among others, which should eliminate 
difficulties in the recapture of power exported to the 
United States at the end of the contract period—a 
point which troubles many Canadians. During the 
First World War, when Canada found it impossible 
to recapture Niagara hydro power going to the United 
States, the following facts were true, none of which 
would be true now in the Pacific Northwest. First, 
Niagara power was very much cheaper than steam 
power, which was then relatively costly. Second, 
Niagara hydro formed a large part of the total elec- 
trical energy used in the area to which it was exporied, 
and hence its withdrawal would have been a severe 
blow. Third, the export contracts did not have a clear 
recapture clause, although Canadian legislation pro- 
vided for recapture. 


A Power Programme 

With these various considerations in mind, it is 
possible to set out an experimental power programme 
for British Columbia embracing the Peace, the Upper 
Columbia and the Fraser. 

Whichever of the Peace or Upper Columbia rivers 
could be brought in first (i.e., engineered, financed, 
and constructed), it should be started as soon as pos- 
sible. If it were to be the Columb/a, the evidence 
suggests that the high dam (Mica) should be built 
first—probably without installed generating capacity 
—as this would at once give the bulk of the down- 
stream power benefits and substantially achieve flood 
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control in the Lower Columbia. Assuming something 
like a fifty-fifty division of downstream benefits, 
Canada’s share of them would be used up by normal 
load growth in B.C. in three years or so—an impor- 
tant fact that is widely overlooked. 

The next reasoned step in this hypothetical pro- 
gramme would be the Peace river, not only because 
it has much the largest potential at one site—over 
three million kW near Hudson Hope—but also be- 
cause of the importance of its huge storage capacity. 

Accordingly, it would be necessary to start the main 
dam on the Peace river some three years after the 
high dam on the Columbia was started; the construc- 
tion of the two would therefore overlap. The big 
capacity of the Peace would allow an immedia:e 
export to the United States of something of the order 
of 500 MW for fifteen years or so. This, together with 
the annual increase in British Columbian demand, 
would enable the installation of several generating 
machines and the building of two transmission lines, 
and start the project off on an efficient basis. It would 
also substantially shorten the period required for the 
full development of the Peace near Hudson Hope. 

Before this full development was completed, con- 
struction would be started on one or more of the 
remaining dams on the Upper Columbia and provi- 
sion would be made for at-site generation on the 
Upper Columbia, so that there would be no gap when 
Peace river power was all taken up by export and 
internal consumption. 


Fish Versus Power 

When the at-site possibilities of the Upper Colum- 
bia were exhausted by growing British Columbian 
consumption, the Fraser would be the next obvious 
development if the fish and power problem were 
solved by that time. Otherwise, further developments 
in connection with the Peace river would seem tc be 
the alternative. 

If the Peace river could be brought into produc- 
tion before the Upper Columbia, the programme I 
have suggested could easily be rearranged so that the 
Peace hydro potential near Hudson Hope would be 
realised first and followed by the high dam on the 
Columbia river. 

There is another important aspect of the power 
picture that deserves further development and that 
is the growing importance of interchange of electricity 
and of storage capacity between the Canadian and the 
American interests in the Pacific Northwest. The B.C. 
Electric has been part of the Pacific Northwest Power 
Pool for some years, and has been connected with 
Vancouver Island by submarine power cables. There 
are many examples of the advantages that have been 
gained by these arrangements both in the efficient 
use of surplus electricity and in security of supply. 
Up until now the total amount of hydro installation 
and storage on the B.C. side of the border has been 
very considerably less than on the United States side. 
With big hydro developments nearing their comple- 
tion on the United States side, and just beginning in 
B.C., the possibilities for future interchange of power 
and of storage are increased tremendously. 


A Natural Power Pool 

These differences in the timing between run-off 
periods within a large area like the Pacific Northwest 
in Canada and the United States make it possible for 
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the companies serving the public in the Pacific North- 
west to use their combined water and steam resources 
much more efficiently. In other words, water that 
would run to waste without such co-operation is 
retained for generating electricity and this is a clear 
gain. 

Similarly, because load characteristics differ, daily 
and seasonal trading of electricity has definite advan- 
tages. Time zones, with their different load peaks, 
also accommodate mutually beneficial interchange 
between utility systems. 

Such interchange of electricity, combined with stor- 
age Capacity is, of course, a different proposition from 
the export of power, which is a one-way transaction 
for the duration of the contract. Perhaps what I am 
stating can best be appreciated from some statistics. 
The biggest single storage area in the Pacific North- 
west in the United States is at the Grand Coulee dam 
which has a useful capacity of about 5 million acre-ft. 
The projected Mica dam on the Upper Columbia in 
British Columbia would have a usable storage of some 
6 million acre-ft. with maximum generation at site, 
and about 15 million acre-ft. without generation. The 
dam at Moran, the biggest planned on the Fraser, 
would have some 10 million acre-ft. of usable storage. 
The main dam on the Peace river near Hudson Hope 
would create by far the largest storage with a usable 
capacity of over 30 million acre-ft., some six times 
that of Grand Coulee. This valuable asset of the 
Peace has rarely received the recognition it deserves. 
It is valuable not only for the Peace river project 


itself but also for the more efficient use of the waters 


Seventh International Congress on 
Large Dams 


The Seventh Congress of the International Commis- 
sion on Large Dams of the World Power Conference 
will be held at Rome from June 26 to July 2, 1961, 
and will be followed by alternative study tours. The 
technical programme will comprise: the selection, 
processing and specification of aggregates for con- 
crete for large dams; underground work in connec- 
tion with large dams; modern techniques of con- 
crete dams for wide valleys and ancillary works; and 
the sealing of earth and rockfill dams with bitumen 
and other materials. 

Offers from authors resident in Great Britain to 
contribute papers within the scope of the programme 
should be sent to: The Secretary, British National 
Committee on Large Dams of the World Power 
Conference, 201-2 Grand Buildings, Trafalgar Square. 
London, W.C.2. The normal maximum length of 
papers is 5,000 words and it is expected that it will 
be necessary to request authors to complete their 
papers by about November, 1960. 


The Problem Below. This was the theme of a short 
film shown by Foundation Engineering Limited, which 
is a member of the Costains Group, giving an account 
of the investigations carried out on the ground con- 
ditions of a site scheduled for redevelopment. In any 
new construction envisaged, the age and strength of 
the structure is basically dependent on its foundations. 
Time and money can be saved if the underlying strata 
are thoroughly investigated before any construction 
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of the other rivers in the Pacific Northwest, including 
the Columbia. 


The Key is Co-operation 

Again, the present installed electrical capacity in 
Washington and Oregon is over 8 million kW. For 
B.C., it is under 3 million kW, but with the develop- 
ment of the Peace, the Columbia and the Fraser, 
B.C.’s installed capacity would approach 18 million 
kW. The Pacific Northwest on both sides of the bor- 
der would then have generating capacity well in excess 
of that of all Canada today. 

It can easily be seen from these figures how much 
greater the possibilities for the interchange of power 
and storage will become, with all their resulting 
economies and efficiencies, as British Columbia 
achieves the full development of its three big rivers. 
In any analysis of the economics of electrical energy 
in this part of the world, we have here a positive fac- 
tor of the first importance. 

In conclusion, may I say that there are certain hard 
facts in the power picture of the Pacific Northwest 
in Canada and the United States. I have tried to 
delineate their main aspects. Nature has been very 
generous so far as water power is concerned; both to 
the Pacific Northwest in general and to British Colum- 
bia in particular. The rivers are large and involve 
many complicated problems in regard to engineering, 
finance and politics. The handling of these problems 
can only be retarded by emotionalism, wishful think- 
ing or looking at facts from predetermined viewpoints. 
What we must have is understanding, foresight, cour- 
age and, above all, co-operation. 


begins to know exactly what confronts the civil and 
structural engineer. Foundation Engineering Limited 
deals mainly with such problems. Usually, a preli- 
minary survey of the site is made and a study of old 
charts and maps is well worth while. Boring and 
drilling operations are carried out at the site and strata 
samples are flown to the London laboratory in special 
containers, wax-sealed to prevent any original mois- 
ture loss. Tests and analyses of the earth samples are 
made and the technical problems are assessed. Some 
of the interesting laboratory tests are grain-size deter- 
mination by means of sedimentation tests, natural 
moisture content, compressive strength in a triaxial 
machine and pore-pressure tests which are indispen- 
sable in the design of high earth dams. Soil-mechanics 
problems are also dealt with to determine the safe 
bearing capacity of the foundations and to forecast 
any settlements which would occur under the designed 
structural load. 


Aerial Surveying. An Information Sheet from Hunting 
Aerosurveys Ltd., 6 Elstree Way, Boreham Wood, 
Herts., gives an impressive list of aerial-survey con- 
tracts received during 1957 and 1958. The objectives 
of the surveys are manifold, and range from town 
planning to oil and mineral prospecting. Included 
among the surveys for hydro-electric development are 
photography and mapping in Kenya, Malaya, Nigeria 
and Uganda, and dam-site and reservoir surveys have 
been undertaken for Iran, for Sir William Halcrow 
and Partners and for Sir Alexander Gibb and Partners. 
A relief map of the Waikato hydro-electric scheme 
has also been made for the Science Museum. 
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The Hirfanli Scheme, Turkey 


The harnessing of Turkey’s longest river, the 
Kizilmirmak, has been achieved through the £23 mil- 
lion British-built hydro-electric project at Hirfanli in 
Anatolia. The scheme was officially inaugurated on 
January 8, 1960, by the Prime Minister of the Turkish 
Republic, His Excellency Mr. Adnan Menderes. The 
Hirfanli development was designed by the American 
consulting engineers, Tippetts- Abbett -McCarthy - 
Stratton, in consultation with engineers of the Tur- 
kish State Water Board. A description was given in 
the January issue, 1957, of WATER Power. The 
scheme is dominated by the 85 m. high and 366 m. 
long dam, which is larger than any of its type in 
Europe, and can produce 110 MW from the three 
44,000 h.p. hydro-electric generators already installed. 
It is also the key to the construction of the four down- 
stream power and irrigation installations which will 
raise the total output to 1,500 million kWh a year. 

This development is part of the Turkish Ministry 
of Works’ nation-wide scheme of interconnected 
power grids, fed by hydro-electric works and designed 
to supply over 60% of the country’s requirements. 
But Hirfanli is also planned as a holiday resort for 
the people of Ankara, 90 miles to the south-east, 
and the new lake, 46 miles long and 9 miles across 
at its widest point, which has formed behind the dam, 
will be used for sailing, fishing and bathing. 


The equipment includes the three vertical 44,000 
h.p. reaction water turbines with their alternators, the 
60 ton butterfly valves which were shipped to site in 
one piece, the main and auxiliary transformers and 
the switchgear. The layout of the instruments and 
operating gear in the control room enables the entire 
scheme to be operated by one man. The scheme was 
carried out jointly by The English Electric Co. Ltd. 
and George Wimpey & Co. Ltd. 

The civil works of the project, which include the 
earth and rockfill dam, the reinforced concrete power 
house and power intake, are all massively designed to 
withstand the earthquakes and the occasional 120 
miles an hour gales to which the area is subjected. 
Two and a half million cu. m. of material were used 
in the construction of the dam, the reinforced concrete 
walls of the power intake are 5 ft. thick and the 
windowless power house and the spillway are corres- 
pondingly strong. 

An interesting feature of the project was the build- 
ing and equipping of a new village to house the per- 
manent Turkish staff. The village is supplied with 
power tapped from the switchyard through special 
transformers and with a water supply which can be 
drawn at the rate of 10,000 gallons per hour from the 
penstock tunnels leading to the power house and 
piped to the village reservoir. 





Cementation Ground Engineering Division 


The Cementation Company Limited announces the 
formation of a Ground Engineering Division. The 
Division, which is located at the Company’s head- 
quarters at 20 Albert Embankment, London, S.E.11,. 
comprises two main Departments—Cementation and 
Geotechnical. The Cementation Department is a long- 
established unit of the Company, whereas the Geo- 
technical Department is newly formed, taking over the 
activities previously conducted by the Company’s Soil 
Mechanics and Vibroflotation sections. The Geotech- 
nical Department will also devote particular attention 
to the development of technical solutions to problems 
of ground treatment. For this-purpose, a new section, 
known as “Process Design,” has been formed. 

The Division, within its field, provides technical 
services for the Group’s overseas branches and sub- 
sidiaries. These currently include the dam and power- 
house foundation treatment for the Kariba dam. 
Southern Rhodesia; site investigation, drilling and 
grouting for the Cameron Highlands hydro-electric 
scheme, Northern Malaya; and anchor stressing on 
the Catagunya dam, Tasmania. 





Marine Pumps for Benmore 

On behalf of the New Zealand Ministry of Works, 
the High Commissioner for New Zealand in London 
has placed an order worth £3,088 for 21 Flygt pumps. 
19 B-80 marine pumps and two B-38L pumps, through 
the Stenberg Corporation A.B., of Stockholm. These 
pumps are for use on the Benmore hydro-electric 
project for special applications. Being only 9 in. in 
diameter, they will be used where it is essential to 
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have a submersible electrical pump dropped into a 
narrow space. These pumps are manufactured by 
Flygts Pumpar, of Sweden, and they do not require 
priming. The performance of the B-80 marine pump 
is that it can deliver 200 gallons per minute against 
a head of 20 ft., or 50 gallons per minute against 80 
ft. Electric power is already available at the dam site 
from diesel generators installed at the compressor 
house. During the last few years, more than 70 Flygt 
pumps have been delivered to New Zealand. 


Wapda Miscellany. R. E. B. Willcox & Company, 
Agents for the West Pakistan Water & Power De- 
velopment Authority, have sent us a copy of Wapda 
Miscellany, which gives an account of what is being 
done in Pakistan in regard to electricity supply, flood 
suppression, and irrigation schemes which have been 
projected in the country. 


Pellizzari & Figli. These well-known Italian manu- 
facturers have published an attractive brochure giving 
a survey of the wide range of mechanical and electri- 
cal equipment made in their Arzignano (Vicenza) 
works. The brochure is devoted mainly to illustra- 
ions, the text being in both Italian and English. A 
handsome loose-leaf catalogue, in Italian, is also to 
hand giving particulars of their various products. This 
catalogue is sectionalised under the headings: Rotat- 
ing electrical machines (motors and generators); sta- 
tionary electrical apparatus (transformers, capacitors, 
rheostats); hydraulic and ventilating equipment 
(pumps, fans). Pellizzari pumps, to say nothing of 
electrical equipment, are to be found in many a hydro- 
electric station. 


69 








Joint Proposals for Northern Scandinavia 


Norway, Sweden and Finland are discussing proposals for 
the joint development of the Torne and Kalix rivers in 
Lapland 


OLLOWING a recommendation made by Nordiska 

Radet (the Northern Council) in February 1957, 

Norway, Sweden and Finland set up a Northern 
Water Power Committee to examine the possibilities 
of a joint development of the catchment occupied by 
the Torne and Kalix rivers, which flow from Lapland 
into the northern extremity of the Gulf of Bothnia. 
Collaboration between the three countries was seen 
to be obviously desirable, as the Torne river and one 
of its tributaries—the Muonio—form the frontier be- 
tween Sweden and Finland, and the possibility of 
diverting waters into the Atlantic involved the interest 
of Norway. 

Technical discussions proceeded so satisfactorily 
that in the autumn of 1958 the committee published a 
report submitting three alternative plans for the 
development of water-power resources of the area. 
These three schemes are shown on the accompanying 
map. 


The River System 
The Torne river has its source in the lake Torne- 


trask, which lies on the Swedish side of the watershed 
opposite to Narvik Fjord. A little way downstreain 
from the lake the first major tributary, the Rautasatno, 
enters from the right, below which three main tribu- 
taries enter in succession from the left—the Vittangi, 
the Lainio, and the Muonio. In its upper reaches the 
Muonio river is called the K6nkama, and the K6n- 
kimi-Muonio river, together with the Torne river 
beyond their confluence. forms the frontier between 
Sweden and Finland. A left-bank tributary, the 
Latiaseno, flows into the Kénkaéma from Finland. 

The Kalix river derives from the Kaalasjarvi and 
flows to the south of the Torne river and roughly 
parallel to it. In the upper reach of the river a major 
tributary, the Kaitum, flows in from the right. Just 
upstream of the junction of the Lainio with the Torne, 
the Torne river bifurcates, and the right-hand branch, 
known as the Tirendé, flows into the Kalix, thus 
diverting 58% of the Torne flow into the Kalix. The 
two rivers therefore form a common system, and any 
scheme of development must obviously regard them 
as a unity. 


Scheme A 

The first of the three alternatives is the purely con- 
ventional one of building a chain of stations on each 
of the two rivers. This would involve the construction 
of about 40 run-of-river stations—approximately 20 
on each river, including two on the Kaitum and one 
on a diversion of the Rautasaétno. Some of the falls, 
however, are so low that they would hardly be worth 
developing. and the output from those stations which 
it would be economic to build would amount to 7,000 
to 8,000 GWh per annum. 
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Scheme B 

The second alternative is based on the transference 
of the waters of the Kalix to the Torne. By this means 
only the stations on the Torne river would need to be 
built, although they would need to be of increased 
capacity to deal with the additional flow. Diversion 
channels or tunnels would be cut between the two 
rivers, and a diversion from the Kaitum to the Kalix 
would carry the only additional power station called 
for in this scheme. Altogether about 20 stations would 
be required. The loss of the development of the lower 
portion of the Kalix river would mean that the output 
from this development would be about 1,000 GWh 
per annum less than that from Scheme A, but the 
capital cost would be much less. 


Scheme C 
In this scheme the headwaters of the Torne and 


Kalix rivers and of their tributaries would be 
diverted to Tornetrask lake and would be discharged 
into Narvik Fjord through a single gigantic under- 
ground power station. 

In Schemes A and B Tornetraisk lake would be 
regulated by a dam at Vakkokoski, 20 km. down- 
stream of its outflow. In the present scheme this dam 
would be retained, but a second dam would also be 
built about 40 km. farther downstream to form a 
lake about 20 m. below the level of lake Tornetrask. 
The water from this lake would be pumped into lake 
Tornetrask. 

A diversion conduit would transfer the headwaters 
of the Kénkaémi, Lainio and Vittangi to lake Torne- 
trisk. On the south side of the lake use would be made 
of the plans for diversion works contemplated in the 
other schemes. These include the diversion and power 
station between the Kaitum and the Kalix rivers, the 
conduit from the Kalix to the Rautasatno, and the 
diversion and power station between the Rautasaitno 
and lake Tornetrask. 

This system would place at the disposal of the large 
underground station an average flow of 200 to 300 
cu. m. per sec. at a head of 345 m.. which would give 
an annual production of 5,000 to 7,000 GWh. Power 
from the other two stations would add about 1,000 
GWh per annum to these figures, so that the capacity 
of this scheme would be roughly that of Scheme A. 
This, however, would be obtained with merely three 
stations. as against about 40 for Scheme A and about 
20 for Scheme B, leading to obvious savings in con- 
struction, operation. and power-transmission costs. 

In this scheme the main part of the river system 
would not be developed. but would remain as a series 
of forest watercourses with about half their present 
flow at their mouths. Measures would be taken to 
preserve fish life and to facilitate logging, but in fact 
the amount of damage and disturbance would be less 
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Map showing the three alternative schemes for developing the Torne and Kalix rivers 


with this scheme than it would be with the others. 

The adoption of any of these proposed schemes will 
obviously depend on agreement between the three 
countries concerned, but although no official decision 
has yet been announced, it appears likely that Scheme 
C will be the one to be chosen. 

It is estimated that the total economically develop- 
able water-power potential in Northern Scandinavia 
is about 87.000 GWh per annum, of which Finland 
could contribute 12,000 GWh, Sweden 51,000 GWh 
and Norway 24,000 GWh. Developed capacity in this 


WATER POWER February 1960 


region at the end of 1958 was 4,400 GWh in Finland, 
17,400 GWh in Sweden and 5,000 GWh in Norway. 
In Finland the priucipal rivers in the area are the 
Oulu and the Kemi, both of which are being actively 
developed. In Sweden the Angerman is largely de- 
veloped, the Ume is almost completely harnessed as 
far as Lake Storuman, and the next scene of activity 
will be the Lule river. In Norway a station is being 
built on the Pasvik river in collaboration with Russia. 
The most important river in Northern Norway is the 
Bardu, which could produce 1,200 GWh per annum. 


71 








Uplift in Gravity Dams 


In this series the author reviews the various conceptions of the 
phenomenon of uplift and presents his own analysis supported by 
experimental evidence. This final article is devoted to a description 
of structural solutions employed to reduce uplift in dams 


By SERGE LELIAVSKY, Ph.D., M.I.C.E., M.Am.Soc.C.E. 


PART 


N order to achieve economy as compared with the 

percentages shown in Fig. 57, various structural 

methods have been used for reducing uplift. In 
Fig. 58 a richer mixture, which was presumably less 
permeable than the rest of the dam, has been used near 
the upstream face, thus forming a screen. In other 
cases, e.g., the Maréges dam in France, such a screen 
was obtained in the same way by using vibrated 
concrete. 

Stone-facing of various descriptions has also been 
adopted for the same purpose, but with doubtful 
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success. The great German dam builder of the end of 
the last century, Intze, used a brick-facing in combina- 
tion with vertical or semi-vertical drain pipes, which 
collected a certain amount of seepage water, as shown, 
for instance, in Fig. 59. The seepage water collected 
by the drain pipes was discharged into a longitudinal 
gallery, and led therefrom by a cross conduit to an 
outlet arranged in the downstream face of the dam. 
The drain-pipe system is still popular in the U.S.A.., 
but is objected to by some other dam builders because 
the discharge of individual pipes is known to be very 
irregular, and their efficiency is therefore subject to 
doubt. 

The next class of devices used to reduce uplift 
comprises an infinite variety of plasterings and pro- 
tections. In Figs. 60A and B we see the maximum that 
can reasonably be done in the way of such external 
protections. Both are French dans, the Oule and the 
Artouste, which are representative of the technique 
of plain screen protections, inclusive of reinforced 
concrete slabs and various types of bitumastic 
sheetings. 

On the other hand, Italian designers have attempted 
for the same purpose a metal membrane. The details 
of such devices, as used on the Diavolo and Gabiet 
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GENERAL ARRANGEMENT OF PLATING OF DIAVOLO DAM. 
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dams, are shown in Fig. 61. 
The system used in the first 
case is patented (Gentile-SIP 
Patent). The metal is pure 
Armco iron, 0:2 cm. thick. The 
horizontal seams are welded; 
the vertical joints are as shown 
in the figure. Drainage channels 
are provided behind the plat- 
ing. In the second dam, the 
Gabiet, the plating is thicker, 
viz. 0-5 cm. Reports about the 
behaviour of these platings 
appear to be satisfactory. 

In general, all the screens 
used for fighting seepage can 
be divided into two classes: 
plain screens, such as all those 
referred to above, and hollow 
screens, which are provided 
with hollow spaces separating 
them from the dam. These are 
primarily intended to discharge 
all water percolating through 
the screen proper and must be 
large enough to allow them to 
be visited. inspected and re- 
paired. Three examples of the 
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earlier type of such screens, as built at the Settons 
dam, the Bouillouse dam, and the Ban de Champagny 
dam, are illustrated in Figs. 62, 63 and 66. These 
screens are built as vertical arches, and though ex- 
pensive are, of course, fully efficient. Another type 
belonging to the same category of screens, but pro- 
vided with horizontal instead of vertical channels, is 
the Mouche dam, shown in Fig. 65. And finally, in 
Fig. 67, we have a hollow 
screen of the modern Italian 
type, characterised by the 
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built at the Mouche dam, con- RA \ 
currently with the heavier Middle possege WSs 
type shown earlier. This : BaK 
lighter type is represented in SNNWKL 
Fig. 69. A modern type of a Cui: RX I 
hollow screen, the main part WWQQy 


of which is a slab, is shown Lower passage 
in Fig. 68, and Fig. 64 repre- 
sents a peculiar type of work, 
the Shing Mun dam, specific- 
ally designed to withstand par- 
ticularly heavy earthquakes. 
It includes a reinforced-con- 


crete screen of articulated me 
type. These two designs are VERTICAL SECTION 











due respectively to Mr. Chr. 
F. Groner and to Mr. W. J. OF BAN DE CHAMPAGNY DAM 
E. Binnie. Fig. 66 
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drawn parallel to the upstream face through the 
centre lines of the hollows. We thus obtain the 


following table:— 
Coefficient of 








SECTIONOF HOLLOW SCREEN i anata 
- OF SALERNO DAM Drainage pipes .. 5 
Fic. A La Mouche dam—concrete i in mass 16 
: Settons dam wie ae ea 50 
Fig. 67 Ban de Champagny 53 
Bouillouse dam .. 60 
To compare the advantages of the various types of Shing Mun dam .. 67 
screens, the author uses the “drainage efficiency - a dam—reinforced concrete . = 
” which is the ratio of the hollow spaces to the one ay hme ‘ ne 
factor,” whic p Ringedals dam 97 


solid material intersected by an imaginary plane, 
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Book Reviews 





Calcul a la Flexion des Coques Coniques. First edition 
1959. By S. Casacci and J. Bosc. Published by Dunod 
Editeur, 92 rue Bonaparte, Paris Vle. 161 pp. 21 cm. 
by 27 cm. Price 1,800 francs. 

The authors, both of whom are senior engineers at 
Etablissements Neyrpic of Grenoble, France, have 
carried out general investigations and tests on conical 
and cylindrical shells and tabulated the results with 
those of circular plates and conical annuli. The book 
deals with axisymmetrical loadings and bending of 
conical shells of constant thickness and shows the 
results in tabular form enabling the determination of 
the deformation and compression of truncated conics, 
both short and long, in any particular case. 

The calculation of bending of shells of revolution, 
loaded axisymmetrically, requires the knowledge of 
influence coefficients in the region of the bases, the 
determination of the variation of the shear strain and 
the deformation along the generator. In the case of 
long shells the shear strain applied at one of the bases 
only causes negligible deformations at the other base. 
In this case the mathematical problem is considerably 
simplified. Nevertheless, it is difficult to assume a long 
shell without having resolved the problem to a short 
shell. The present study treats the last problem as a 
case of a truncated conical shell of constant thickness. 
The authors have endeavoured to give the exact 
formulae and precise numerical results. They have 
also defined the limitations of the validity of the 
simplified formulae for quick and easy applications. 

Chapter 1 deals with the basic equations and 
notations for moments and bending, and _ these 
equations are developed in Chapter 2 to truncated 
conical shells. Chapter 3 deals with long conical shells 
with small and large bases. Tables and graphs of 
results showing the accuracy of the calculations are 
discussed in Chapter 4 for short, long and conical 
shells. The coefficients were obtained by asymptotical 
developments. Chapter 5 is devoted to the limiting 
cases for cylindrical shells, circular plates, conical 
annuli and contains the relative coefficients, shows the 
percentage errors, and diagrams and tables. Examples 
and applications of the formulae and results are shown 
in Chapter 6 followed by several annexes giving 
numerical answers to many cases. 

This book is a good practical reference to design 
engineers engaged in the design of rotating machinery, 
boiler bodies, large pipelines and penstocks, and other 
such structures of a welded nature. It will be of special 
interest to those interested in advanced strength of 
materials and requires a background of mathematics. 


Alternating-Current Circuit Breakers: Publication 
56-1A, Rules for Short-Circuit Conditions. Price 
Sw.Fr. 9, and Publication 56-3, Rules for Nermal Load 
Conditions. Price Sw.Fr. 8. International Electro- 
technical Commission, | rue de Verembé, Geneva. 
Chapter I of the second edition of the I.E.C. 
Specification for alternating-current circuit breakers 
was issued in 1954 as Publication 56-i. Publication 
56-1A is a supplement to Chapter I containing: 
(a) Recommendations for the unit testing by direct 
methods of circuit breakers for making capacity and 
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breaking capacity, and (6) Methods of determining 
inherent restriking voltage waveforms. 

Part | of Chapter II, “‘Rules for Temperature Rise,” 
was issued as Publication 56-2 in 1955, and Publication 
56-3 comprises Parts 2 and 3 of Chapter II. Part 2 is 
devoted to rules for operating conditions, and Part 3 
to co-ordination of rated voltages, rated breaking 
capacities and rated normal currents. 


A Guide to Development and Export Financing 
Bodies. Published by the British Electrical and Allied 
Manufacturers Association (BEAMA), 36, Kingsway, 
London, W.C.2, November 1, 1959. Publication num- 
ber 170, 27 pp. Price 3s. 6d. 

Due to the ever increasing trade between countries 
from all over the world, and the world’s ability to 
produce goods and materials of wider varieties on 
more ambitious scales, the problem of finance has 
become extremely complicated. The financial system 
whereby currency reserves are used to back interna- 
tional trade, to provide capital for economic develop- 
ment and to ensure export credits has become inade- 
quate. In the export markets, payment on presentation 
of documents is already in operation and attempts are 
being made to make the short-term and medium-term 
credit systems of international trade supply a large 
part of trade requirements. Hence arises the necessity 
for more export credit guarantee schemes whereby 
the suppliers are insured in case the purchaser does 
not pay after the goods are at their overseas destina- 
tion. These guarantee schemes of payment encourage 
exporters to expand their trade and to free any capital 
locked up by bad purchasers—if the shipment was 
insured through one of these bodies. 

This guide booklet collects in one volume concise 
information about export financing bodies and export 
insuring schemes either proposed or operating 
throughout the world. The information was originally 
compiled by the English Electric Co. Ltd. and every 
effort has been made to make it as comprehensive as 
possible, but additions and other suggestions would 
be welcomed by the compilers. 


Conservation and the Gospel of Efficiency. The Pro- 
gress Conservation Movement, 1890-1920. By Profes- 
sor S. P. Hays. Harvard University Press, Cambridge. 
Massachusetts, U.S.A., and Oxford University Press. 
Amen House, Warwick Square, London, E.C.4. 297 
pp. Price $6-00, 48s. net. 

This book generally deals with how the Americans 
suddenly recognised the need to prevent the wasteful 
uses of their rich resources and concentrated on care- 
ful planning and rational development. Of the resour- 
ces covered are rivers, forests, ranges and public land. 
The book reveals how development and harnessing 
of these resources came about through legislation in 
the United States Senate and the struggles for policy 
control between the conservation leaders and groups 
of resource users. To the water-power engineer, two 
chapters in this book could be of historical interest 
dealing with storing the floods and taming the nation’s 
rivers. It gives the various acts passed and discussed, 
mentions the people responsible for projecting them 
and generally gives an idea of the effects caused on 
the public and by the public. At the turn of the 
twentieth century the Reclamation Service, a govern- 
mental body. became aware of the possibilities of 
combining irrigation storage with hydro-electric 
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power production, and power was obtained from its 
tirst reservoir project in 1906. The Roosevelt adminis- 
tration then began to think in the larger terms of 
providing hydro-electric energy to industry. It was 
envisaged that the sale of that energy would provide 
the financial key for a multi-purpose plan and hence 
the government could pay for river developments. A 
description is then given of the legislative struggle 
during the period between the General Dam Act of 
1910 and the Water Power Act of 1920. 


Electric Power Regulations in Latin America. By 
David F. Cavers and James R. Nelson. The Johns 
Hopkins Press, Baltimore, 18, Maryland, U.S.A. 304 
pp. Price $6-00. 

In general, the countries of Latin America have 
experienced great difficulty in installing sufficient elec- 
tric power capacity to keep pace with expanding de- 
mand from the rapidly growing cities and industries 
of the continent. External finance has been provided 
in large amounts both from the World Bank and from 
the Export-Import Bank, but the industry has not 
been able to attract sufficient domestic savings for its 
additional capital needs. The World Bank therefore 
asked the Harvard Law School to sponsor a study 
of the regulation of the electrical industry in Latin 
America to learn what effects regulatory policies 
were having on the growth of the electric power indus- 
try. 
The book, which is written by Professor David F. 
Cavers of Harvard Law School and Professor James 
R. Nelson of Amherst College, is based on this study, 
which was conducted by a research staff in Brazil, 
Chile, Colombia, Costa Rica and Mexico, the regula- 
tory laws of these countries resembling those of the 
United States. In the light of the conditions disclosed, 
the book puts forward a number of suggestions for 
changes in regulatory laws and policies. The changes 
are designed to assure the electric power industry, 
whether public or private, that its rates will be high 
enough to meet all costs, with provision for prompt 
adjustment of power rates to meet rising costs under 
inflationary conditions. 

The study discloses that, despite high costs, Latin 
American electricity rates have been held well be'ow 
the average rates prevailing in the United States. The 
economic consequences of this policy lead the authors 
to conclude that “what a developing nation needs 
more than cheap electricity is plentiful electricity. And 
the best way to get it is to pay what the service costs.” 

This general conclusion is fully endorsed both by 
the World Bank and by the Economic Commiss‘on for 
Latin America (ECLA). which has joined with the 
Bank in sponsoring publication of the book. In decid- 
ing on publication, both organisations have in mind 
the fact that, whereas the subject of electric power 
regulation is one of importance throughout the 
world, no previous study has been made of the prob- 
lems of policy and method involved in the pricing of 
electricity in developing nations. The study is there- 
fore of interest to students of economic development 
and international investment everywhere. The changes 
in regulatory policies suggested have been made in 
the light of a comparative appraisal of the policies 
at present being followed in the United States. The 
study is therefore also of interest to students of public 
utility rate regulation problems in that country. 
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Proceedings of the Seventh Hydraulics Conference 
1958. By Arthur Toch and G. R. Schneider. Published 
by the State University of lowa, lowa City, Iowa. 
305 pp. Price $3-50. 

This volume consists of 15 papers presented at the 
conference which dealt mainly with prototype veri- 
fication of experimental and theoretical prediction in 
hydraulics and related fields. The speakers and co- 
authors represented all the major professions and 
Federal organisations actively engaged in some 
branch of hydraulics. The papers contained are as 
follows:— 

1. E. P. Fortson, Jr. (Waterways Experiment 
Station), “A Quarter-Century Assessment of Experi- 
mental Prediction in Hydraulics.” 

2. Louis Landweber (Iowa Institute of Hydraul:c 
Research), “The Role of Theoretical Prediction in 
Fluid Mechanics.” 

3. G. Earl Harbeck, Jr. (U.S. Geological Survey). 
“Evaporation Suppression in Laboratory and Field.” 

4. Alan J. Faller and Wm. S. von Arx (Woods 
Hole Oceanograph Institution), “The Modelling of 
Fluid Flow on a Planetary Scale.” 

5. Rex A. Elder (Tennessee Valley Authority), 
“Thermal Density-Underflow Design and _ Ex- 
perience.” 

6. Gordon H. Strom (New York University), 
“Scale-Model Wind-Tunnel Studies on Atmospheric 
Diffusion Phenomena.” 

7. F. N. Frenkiel (Johns Hopkins University), 
“Atmospheric Diffusion in Air-Pollution Studies.” 

8. R. E. Glover and C. R. Daum (U.S. Geological 
Survey), “Behaviour of Dissolved or Suspended 
Material in Flowing Streams.” 

9. Charles A. Lamb (Kimberley-Clark Corpora- 
tion), “Verification Problems in Paper Making.” 

10. Melvin E. Hathaway (National Advisory 
Committee for Aeronautics), “Water Impact Loads 
on Prismatic Bodies.” 

11. James W. Ball (Bureau of Reclamation), 
“Model and Prototype Stilling Basins.” 

12. Manley St. Denis (David Taylor Model Basin). 
“Random Thoughts on Research—Possibly Irreve- 
rent.” 

13. Carl F. Izzard and Joseph N. Bradley (Bureau 
of Public Roads), “Field Verification of Model Tests 
of Flow through Highway Bridges and Culverts.” 

14. W. M. Ellsworth (David Taylor Model Basin), 
“Model-Prototype Relations in the Study of Cable- 
Towed Body Systems.” 

15. F. B. Cambell and E. B. Pickett (Waterways 
Experiment Station), “The Value of Prototype Tests 
to Hydraulic Design.” 





Engineering Products. A pamphlet publication by 
Ransomes and Rapier Limited. of Ipswich, gives an 
outline of the range of equipment designed and manu- 
factured at their Waterside works. The pamphlets are 
amply illustrated and show sections of the engineering 
design departinent pattern shop, foundry and machine 
shop, together with some of the heavy equipment 
manufactured. such as mobile cranes, fork trucks. 
mixers and pumps. In the field of hydro-electric pro- 
jects, there are a variety of concrete mixers, stripping 
shovels and walking draglines. Also manufactured 
are water control gates for dams and spillways such 
as those supplied for the Ramadi barrage, Iraq. 
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Good Progress at Benmore 





Fig. 1. Benmore site looking downstream, showing diversion works 


S noted in a recent issue of this journal, a New 

Zealand Government decision to increase the 

installed capacity of the Benmore hydro-electric 
scheme from 480 MW to 540 MW has been announced 
by the New Zealand Minister of Works, the Hon. 
Hugh Watt. The six machines will now be 90 MW 
each. 

Very satisfactory progress is being made on the 
construction of this undertaking by the New Zealand 
Ministry of Works. Excavation has begun in the 
power-house area on the right bank of the Waitaki 
River where earthworks will eventually total between 
700,000 and 800,000 cu. yards; on the left bank, rock 
excavation in the spillway area is well under way; 
the upstream cofferdam has been taken as far as will 
be possible before diversion, and the area for the core 
foundation of the earth dam is being stripped down 
to bedrock. 

As the accompanying illustration shows (looking 
downstream) excavation of the 2,600 ft. diversion 
channel is completed except for the dumplings at 
either end. Concreting is in progress. At the left fore- 
ground, in the cut, is one of the two plywood-clad 
steel forms which will be used side by side in concret- 
ing the “straight going” sections of the twin-barrelled 
diversion culvert. These forms will be mounted on 
rails when concrete work on the culvert floor is far 
enough advanced, and they will be moved forward 
as required. Hydraulic jacks and a simple hinging 
device make it possible for them to be quickly freed 
from the hardened concrete all round them. They will 
provide the internal shape of the structures, and will 
be used in conjunction with similarly plywood-clad 
steel-frame forms designed to shape the exterior of 
the arches. For some sections, notably where the 
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Fig. 2. Movable formwork for culvert 
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CHAMONIX 


Mont Blanc 4807 m 


Grandes Jorasses 4206 m 


Aiguitie du Midi 3843 m 
Aiguilie du Plan 3673 aa? 


Col du Géant 


rds iguille du Géant 013m 
eS 
(SN lS Vierge 3222m 
Gigcier du Géant 


Mont Frely 2173 m 
\ 


——— LENGTH OF TUNNEL i2KM —__—__—] 


Whoever heard of Tigers 


Around the Mont Blanc area quite a 
lot of people have heard of them. 
Atlas Copco Tiger rock drills are help- 
ing to drive the new seven-mile tunnel 
through the mountain. When completed, 
the roadway will connect the Chamonix 
valley in France with the Aosta valley 
in Italy. The distance between Paris and 
Turin will be reduced by 137 miles (221 
kilometres) and between Paris and 
Milan by 194 miles (312 kilometres). 
And for the first time it will be possible 
to drive from Italy to France at any 
time of the year. 

The Mont Blanc tunne! will take three 
years to complete and cost an estimated 
£11,700,000. It is being driven through 
solid granite and will have an excavated 
section of approximately 861 square ft. 
(80m2-) and a finished section of 743 
square ft. (70m2-). About four miles of the 


tunnel will be driven from the Italian side. 
Atlas Copco compressed air equipment 
was chosen exclusively by the Italian 
contractor, Societa Italiana per Condotte 
d’Acqua. The equipment supplied 
consists of AR4 Skid-mounted com- 
pressors, Tiger rock drills and Sandvik 
Coromant drill steels. 

The four compressors are mounted in a 
central compressor house and, with a 
total output of 3,530 c.f.m., supply all 
air required for the drills. The Tigers are 
operated from a three-storey drilling 
platform designed to utilise all available 
drilling space. The Sandvik Coromant 
steels with which the drills are fitted 
have been developed for use with Atlas 
Copco drills as a light-weight unit—a 
combination currently drilling more 
than 1,300 million feet a year through- 
out the world! 


— | ENTREVES 





in the Alps? 





Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden. 





47 


WATER POWER February 


1960 

















sluice-gate shafts have to be constructed, specially 
built single-use timber formwork will be employed. 

The cut is up to about 64 ft. wide at the bottom 
and up to about 60 ft. deep. Each culvert will be 25 
ft. wide and 40 ft. high, arched at the top to carry 
the weight of the 300 ft. high earth dam to be built 
over it. 

Towards the right background the start of work on 
excavating down to rock for the watertight core of the 
earth dam can be seen, and at the extreme right on 
the right bank of the river part of the upstream coffer- 
dam is just visible. 

In midstream a drilling rig mounted on pontoons 


is at work determining the nature of the materials in 
the river bed and the depth of the various layers down 
to rock. 

When completed, the Benmore earth dam will be 
1,800 ft. wide at the base, extending right across both 
the culvert structure and the river bed and over almost 
all of the stretch of water seen in the photograph. The 
whole of the river’s flow will be directed through the 
culverts while the dam is being built, but eventually 
the spillway structure on the left bank will take over 
and the culverts will be permanently sealed with con- 
crete plugs. 

First electricity is scheduled for 1965. 


Refrigeration in Dam Construction 


The recent completion of the Klang Gates dam pro- 
ject, Kuala Lumpur, Malaya, marks the first phase 
of a vast scheme to prevent water shortage during 
drought, and floods during the rainy season. Designed 
by the U.S. Bureau of Reclamation and built by the 
Public Works Department of Malaya at a cost of 
over £1,600,000, the dam will impound 4,000 million 


masses under tropical or semi-tropical conditions pre- 
sents special problems of linear thermal expansion. 
High temperatures result in more rapid hydration of 
cement, increased evaporation of mixing water, and 
reduced strengths and larger volume changes. If no 
attempt is made to control or eliminate these condi- 
tions, flaws and defects may result, among the most 





Fig. 1. Klang Gates dam, showing the lagged hoppers of the Blaw-Knox batching plant in the foreground 


gallons of water in a lake covering 750 acres of 
forested valley. More than 100 ft. high, with a crest 
length of 450 ft., the dam is expected to provide both 
Kuala Lumpur and Petaling Jaya with 32 million 
gallons per day during dry spells. Experts believe that 
the scheme will cope with water needs up to 1972. 

Actual construction took three years, the placing 
of the concrete alone occupying seventeen months. 
A special feature in the engineering techniques em- 
ployed was the method adopted for lowering the tem- 
perature of the concrete. The placing of large concrete 
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serious being a tendency to crack before hardening 
is complete. 

Various methods have been employed and investi- 
gated to effect an efficient form of temperature con- 
trol under such conditions. These have included the 
placing of pipes carrying chilled water actually within 
the concrete mass during construction, a method used 
in the Hoover dam project in the United States; the 
addition of calcium chloride to prevent weakening; 
and the cold storage of aggregates. This latter method 
would normally necessitate two sets of storage bins, 
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Wherever there is a demand for the larger portable compressor, the 

Atlas Copco Twin-Air is a proposition that pays/ The Twin-Air gives a smooth, 
‘ surge-free air flow together with the overall operating efficiency only a two-stage 

machine can offer. With this design—completely different from all other types— 

no contact takes place between the rotors or between the rotors and the 

housing. Cutting maintenance costs to a minimum, the Twin-Air increases 

the profit margin on any contract. 
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Fig. 2. Batching plant, showing mixer and skips 


the one cooling while the other was feeding the mixing 
plant. 

In consideration of these problems in the construc- 
tion of the Klang Gates dam, York Shipley Limited, 
the industrial refrigeration engineers, worked in con- 
junction with Blaw Knox Limited, the main contrac- 
tors responsible for the supply of the concrete mixing 
plant, in producing a plant for the precooling of the 
concrete by the circulation of refrigerated air through 
the aggregate, the chilling of the water and the addi- 
tion of flake ice during mixing. 

The refrigeration plant had to be designed for a 
concrete-placing temperature of 48°F. in conditions 
where the ambient temperature averaged 85°F. The 
temperature of the cement, sand and stone was 85°F., 
and the feedwater was 80°F. The output of concrete 
was to be 22 cu. yards per hour over a twelve-hour 
working day. 

Four separate refrigeration plants were selected: (a) 
air cooling for aggregates; (b) water cooling; (c) ice 
manufacture and (d) ice storage. The method of cool- 
ing the aggregate was to supply cold air at 35°F. to 
the four compartments of the batching tower which 
held the graded gravel, separate fans of centrifugal 
pattern delivering the air through cooling coils placed 
in the respective delivery ducts, Further ducting from 
the top of the tower returned the air to the fan suction 
chamber. Cork insulation was provided to all ducting. 

The refrigeration plant to work in conjunction with 
the air cooling coils for this duty comprised two York 
9 in. bore by 9 in. stroke vertical single acting enclosed 
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ammonia compressors driven by 110 h.p. slipring 
motors; shell and tube type retrigerant condenser; 
high-pressure receiver and two centrifugal condenser- 
water-circulating pumps. 

The aggregate storage bin, designed and built by 
Blaw Knox Ltd., was divided into six compartments: 
two of 50 cu. yards capacity each for sand and ? in. 
aggregate, three of 33 cu. yards each for 14 in., 3 in. 
and 6 in., and one centrally placed circular section 
capable of storing up to 50 tons of cement. This stor- 
age capacity was calculated to ensure that the coarse 
aggregates had a minimum of 90 minutes’ exposure to 
retrigerated air. The bin was insulated by two layers 
of 3 in. slab cork. 

For feedwater cooling a Baudelot chilling system 
was provided. This comprised a galvanised steel tank 
over which was mounted a galvanised steel cooling 
coil, Water was pumped from the source to the stor- 
age tank and circulated by a small vertical spindle 
pump over the cooling coil. A transfer pump of 40 
gallons per minute capacity pumped the chilled water 
to the concrete batching tower. The refrigeration plant 
included a York 5 in. by 5 in. compressor, and neces- 
sary ancillary equipment. 

Further cooling requirements were met by the addi- 
tion of ice in ribbon particle form. This was manufac- 
tured by four York model DER 25A flake ice-making 
machines; adequate ice-storage facilities were pro- 
vided, a fully automatic flake ice store being con- 
structed below the ice-making plant. 

For the transfer of flake ice to the batching tower, 
a screw conveyor was fitted under the ice store, feed- 
ing a bucket elevator. This discharged over a balanced 
hopper which, in turn, charged a weigh hopper below. 
Finally, the ice joined the aggregate and cement in a 
common collecting hopper for all weighed material. 
At all stages of ice handling, cork insulation was pro- 
vided. 

Gravel produced locally was elevated to the top of 
the batching tower by 72 ft. centres inclined troughed 
belt conveyor, a swivelling turn-head directing the 
material to the appropriate compartment. Cement, 
delivered at ground level into a shallow hopper, was 
blown into the storage compartment by compressed 
air. 

Under each aggregate compartment a pneumatically 
operated radial gate controlled the flow of material 
to two weigh hoppers. Cement discharge was through 
a Blaw Knox cement valve into a separate weigh 
hopper. The chilled water was accurately measured in 
a volumetric header tank and discharged into the 
mixer by pneumatically operated valves. 

All discharge, weighing and mixing operations were 
remotely controlled from a desk-type push-button 
panel, conveniently placed to give the operator a full 
view of the weighing dials. The concrete was mixed 
in a large-capacity electrically-driven tilting-drum 
mixer situated below the operator’s platform, and dis- 
charged into bottom discharge crane skips drawn 
beneath the plant on rail-mounted trolleys. It was 
finally placed by derrick cranes. 


N.C.K. Rapier Sales Co. Ltd. have sent us a pamphlet 
containing an account of their Pennine heavy-duty 
crawler-crane with digging attachments; the dimen- 
sions are given both in feet and inches and in metres 
and millimetres. 
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We construct and supply: 


Hydraulic steel structures 

Weirs 

River and sea locks 

By-pass gates, safety gates 

Valley storage dams 

High-pressure piping (penstocks) 

Dock gates 

Ship lifts 

Slipways 

Floating cranes 

All hydraulic structures (including mechanical 
and electrical equipment) are supplied and erected 
ready for operation. 


Photos | and 2 
7 spillway tainter gates 12 x 12 m for dam flood control 


Photo 3 

Wye pipe for hydraulic power conduit 
Inlet opening 7010 mm ¢ 

Outlet opening 4240, pressure 7.6 atm. g 
Rate of discharge 17 cu. m/sec 


FRIED. KRUPP MASCHINEN- UND STAHLBAU RHEINHAUSEN 
U.K. Agents: J. M. J. Maus Ltd., 35 New Broad Street, London E.C.2 

































Abstracts from the 


World Technica! Press 





Cracks in Concrete Dams 

Proceeding from the old axiom that a concrete 
gravity dam can never be considered as a monolithic 
structure, owing to its division into blocks separated 
by longitudinal and transversal contraction joints, the 
author examines first how cracks arise in the concrete 
of gravity dams, reviews their causes, and lays 
particular stress on crack controlling, one of the most 
important problems confronting the designers and 
builders of such structures. The difficulties encoun- 
tered at one of the largest dams in Czechoslovakia are 
described and the methods applied to crack control in 
this particular instance, discussed. The dam blocks 
were secured against slipping by means of backing 
plates, steel-reinforced concrete wedges or steel cables 
the ends of which were untwisted and laid around 
the inside of a steel bucket which was subsequently 
filled with grout. The experience gained in actual 
drilling and grouting in connection with crack con- 
trolling measures is reviewed as well as anchoring by 
means of steel cables stressed up to 400 tons 45 days 
after they had been embedded in grout; it was found 
that the stress in the steel cables decreased under the 
influence of deformations in the foundation soil. (Ing. 
Oldrich PospiSil, InZexyrské Stavby, Vol. 7, No. 4, 
April 6, 1959, p. 124; No. 5, May 7, 1959, p. 174; 
9 pp., 12 ff.). 


Harnessing the Vitava Headwaters 

The main feature of the Lipno works which harness 
the uppermost stretch of the Vitava river, is the 300 
million cu. m. reservoir which collects the headwaters 
of the river and is to act both as a discharge regulator 
and as storage for the whole river. In fact, the storage 
of the spring floods following the thawing of the snow 
in the hills of the Bohemian Forest will help in main- 
taining an adequate rate of discharge in the down- 
stream stretches of the river at low-water periods. In 
addition, the reservoir will supply two 60 MW Fran- 
cis turbines in an underground power house at a head 
of about 160 m. From the intake structures on the 
left bank of the reservoir, just upstream of the dam, 
two 4:5 m. diameter vertical penstock shafts will con- 
vey the water to the turbines, the draft tubes of which 
each expand into a balancing chamber discharging 
into a common tailrace tunnel at a gradient of 1:-4% 
to the compensation reservoir upstream of Vy8S8i 
Brod (marked Hohenfurt on older maps). No oppor- 
tunity has been lost of fully utilising the water power 
available, and the dam creating this compensation 
reservoir incorporates a small power plant which 
houses a Kaplan turbine with a discharge capacity of 
10 cu. m. per sec. The Lipno reservoir, which extends 
along the Austrian border 42 km. upstream from the 
main dam, covers an area of 11,480 acres. The project 
entailed a large amount of ancillary work which in- 
cluded the construction of new roadways, the reloca- 
tion of existing roads and railway communications 
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and bridges, not to mention three ferries and their 
access ramps. The flooded area consists mainly of 
peat bogs, and in anticipation of peat islets rising 
up to the surface, floating booms have been provided 
to stop peat from reaching the intake structure. In 
view of the large extent of the buiiding site, the con- 
struction plant was divided into two autonomous sec- 
tions, one at VySSi Brod close to the outlet of the 
tailrace tunnel, the other at Lipno itself. An exten- 
sive housing estate with the usual amenities and ade- 
quate shopping facilities is attached to each section. 
All these facilities, temporary at the outset, have been 
gradually replaced by permanent buildings of which 
the Vy8Si Brod group will, upon completion of the 
plant, be used as a convalescent home, and the Lipno 
complex as a recreation centre. (Ing. Jan Skalicky, 
Inzenyrské Stavby, Vol. 7, No. 9, September 5, 1959. 
pp. 322-323, 2 ff.) 


Excavation Work at Nendaz Power Plant 

The underground power plant at Nendaz on the 
left bank of the Rhéne, upstream from Riddes, is a 
part of the second stage of the Dixence-Rh6ne fall. 
and consists of the following sections: a machine hall 
to house six generating and transforming sets; a separ- 
rate valve gallery; a manifold concreted into the rock; 
an access and cable tunnel about 30 m. long, extend- 
ing Outside into a concreted gallery covered by a pro- 
tecting layer of spoil rock; a second cable tunnel, 
also serving as an emergency exit for the personnel; 
two bridges across the Rhéne, one built for heavy 
traffic and carrying three sets of high- and low-voltage 
cables, the other carrying the remaining three sets of 
HV and LV cables; finally, two buildings adjacent to 
the entrance to the access tunnel, one housing the 
offices, canteen, stores and workshop, the other acting 
as a service bay for the transformers. Owing to the 
rather poor quality of the rock—St. Christoph schist 
in layers dipping 45° southwards and cut by two 
systems of vertical clefts—special precautions were 
required. The usual procedure of excavating from the 
top of the various galleries, concreting the roof, 
proceeding with the general excavation down to the 
level of the invert, and then lining from bottom to 
top. was practically out of the question. Two other 
solutions were considered. One consisted of building 
first the roof, where the length of the machine hall 
would have been divided into seven blocks, the four 
odd blocks to be excavated first, and the correspond- 
ing wall panels coated, the whole procedure being 
repeated for the three even blocks. The other alterna- 
tive, which was finally selected, was to excavate from 
top to bottom by successive 3 m. layers extending to 
the whole length and width of the machine hall and 
to line the walls with pillars sunk into the rock. These 
pillars were to be built from top to bottom and were 
to be braced by means of prestressed anchorings as 
the work proceeded so as to secure the stability of 
the facing. This method proved satisfactory and met 
the requirements. The walls of the machine hall thor- 
oughly stood the test, both on the side of the access 
tunnel where it is backed by the rock and on the side 
of the valve chamber and of the tailrace, where a rock 
core 14 m. thick separate the valve chamber from the 
machine hall. The most serious difficulties encoun- 
tered while excavation was in progress occurred in 
connection with the branches of the tailrace between 
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When you want 
a rotary compressor— 
make it a Holman Rotair 


Only the Holman Rotair portable rota. y screw compressor 
gives an output of up to 600 cubic feet a minute at 

100 p.s.i. in one stage. Temperature rise is only 100°F 
above ambient. No timing gear is employed in the Rotair 
—so additional reliability is ensured. With all these 


compressor advantages too .. . 


Pulseless Output 
Negligible Compressor Maintenance 
Minimum Friction 

Light Weight 

Only Two Moving Parts and 

Four Bearings 


* THE ROTAIR 370 IS NOW IN PRODUCTION 


Peterborough - Sheffield. Australia 


Holman Bros. Limited, Camborne, England; Camborne 2275 and at 44 Brook Street, London W.1; Hyde Park 9444 
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With Agents and Representatives throughout the world. 
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the turbines and the tailrace itself. These branches 
cut across the strata in a parallel direction, and it 
would appear that they were excavated in succession 
too soon after the preceding branch had been con- 
creted. This resulted in the foot sections of the walls 
breaking loose one after the other from the backing 
rock, and this threatened to endanger the whole 
machine hall. In order to guard against the bursting 
of the walls before the thrust had been taken up by 
the completed floor and solid mass of the foundations, 
the number of anchorings in the pillars was doubled. 
These pillars, set up as excavation proceeded, were 
spaced 9-45 m. between centres, and, to be on the 
safe side, three prestressed anchorings were provided 
in each of the intermediate wall panels. In addition. 
the 3 m. high branches leading from each turbine to 
the tailrace have been divided into two sections by 
a horizontal diaphragm of reinforced concrete capable 
of taking thrusts up to 2.000 tons. This additional 
strengthening work was completed in January 1959; 
since then there have been no more difficulties, and 
the walls of the cavern behaved exactly like the sec- 
tions between the entrance to the machine hall and 
the generating set nearest to it, which had not been 
excavated from the bottom. (A. Livio, Schweizerische 
Zeitung, Vol. 77, No. 32, September 24, 1959, pp. 
631-633, 5 ff.) 


Balancing Reservoirs 

This paper deals from a general viewpoint with 
balancing reservoirs included in modern hydro-electric 
schemes. Their original conception arose out of the 
need of storing for short periods fluctuating water 
supplies in order to meet fluctuating requirements. 
With the advent of whole chains or groups of plants 
operating in interconnected systems. the purpose of 
balancing reservoirs extended to the role of a buffer 
between an upstream and downstream plant, so as to 
balance load disparities. At the same time there 
occurred the possibility of a short-term storage of 
waters diverted either from their own or from other 
drainage areas by means of gravity channels or con- 
duits, and subsequently supplied under pressure to a 
neighbouring power station. The paper discusses in 
separate paragraphs: (1) layout, either as a surface 
or underground reservoir; (2) preliminary geological 
survey, and testing of materials available at economic- 
ally accessible sites and suitable for building up dykes; 
(3) working out the project: (4) var‘ous stages or 
phases of construction work such as dewatering. 
building up of dykes. etc.; (5) concrete conduits led 
through the dykes; (6) setting up a filtering layer about 
20 cm. thick; (7) ensuring the imperviousness of the 
reservoir by means of a diaphragm made of two 3 to 
4 cm. layers of bitumen. The importance of using 
frost-resisting material in any part of the reservoir 
permeable to 0°C. is strongly emphasised. From this 
aspect. the measurements taken at the Safien-Platz 
and Motec balancing reservoirs, 1.295 and 1.561 m. 
above sea level respectively, and embodied in graphs, 
are highly instructive. In the final section of the 
paper. stress is also laid on the importance of control 
tests while construction work is in progress, and of 
measurements while the reservoir is in actual opera- 
tion. Specific weight of dyke materials, fitting on of 
piezometers and thermometers at appropriate spots. 
checking of flow in the dewatering system especially 
in respect of possible water losses. are also com- 
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mented on. Settling of dykes should be carefully con- 
trolled, either by means of benchmarks or by repeated 
surveys. In view of the abundant load of solid matter 
carried by mountain torrents, the author advocates 
frequent flushing or cleaning of balancing reservoirs. 
(Professor G. Schnitter, Federal Technical University, 
Zurich, Schweizerische Bauzeitung, Vol. 77. No. 44. 
October 29, 1959, p. 721, 8 pp., 19 ff.) 


Aggregate Plant at Niagara Project 

A description is given of the large aggregate plant 
which is to produce the whole of the seven million 
tons of aggregate and three million tons of sand re- 
quired by the State of New York’s Niagara power 
plant at the rate of 2,000 tons of crushed stone and 
sand an hour. To get the production rate required. 
the combine of contractors, also responsible for the 
excavation of the open channel between the two power 
stations, built a plant in which equipment is dupli- 
cated along most of the production line. Rock up to 
5 ft. in size is conveyed from the excavation to one 
of two primary crushers which break it to below 6 in. 
A conveyor under each crusher hauls the material to 
a 40,000 ton surge pile. Two conveyors in concrete- 
lined tunnels under the pile carry the rock to the 
secondary-crusher building where doubdle-decked 
vibrating screens remove all stone larger than 3 in. 
and deposit it on conveyors discharging to an 85,000 
ton storage pile. Material passing the screens is broken 
by two cone crushers into sizes between 3 and 1} in., 
and then goes to the tertiary-crusher building, where 
another set of vibrating screens takes off the material 
above i4 in. size which goes by conveyor to a second 
85,000 ton storage pile. Stone passing the screens is 
broken to sizes below 14 in. in two cone crushers. 
Material bigger than } in. is screened out and routed 
to a 100,000 ton storage pile. Production facilities 
are paralleled in the sand plant also. which feeds two 
stockpiles of 100,000 tons (} and } sieve size) and 
180,000 tons (graded sand) respectively. (Engineering 
News-Record, Vol. 163, No. 12, September 9, 1959. 
pp. 63-66, 5 ff.) 


Pore-pressure Coefficient in Earth-dam 
Design 

The pore-pressure coefficients A and B and the 
pore-pressure ratio B, have originated from the work 
of Skempton and Bishop. The coefficients A and B 
can be readily determined from laboratory tests on 
soil samples in the triaxial machine. This paper con- 
siders some of the factors which influence the value 
of coefficient A and more particularly how its value 
varies with the rate of testing. The value of the pore 
pressure B, depends very Jargely on the value of A 
so the correctness of A has an important influence on 
any calculation using B,. The pore pressure B, is used 
in Bishop’s equation for the slip-circle analysis. This 
equation is given and its application briefly outlined. 
In the solution of the equation repeated trial values 
are needed to find the correct safety factor F. To 
shorten the work of successive approximations a 
graphical aid is given, which has been found quite 
useful in practice. The test data and methods in this 
paper were used in the design of the Navet dam, 
Trinidad. The design problems in the dam are out- 
lined with a general description of the methods used 
in achieving the final cross-section. Although. this 
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paper deals with one particular case, the factors re- 
vealed in this design could find a general application 
to the design of similar earth dams. (G. L. Evans, 
New Zealand Engineering, Vol. 14, No. 8, August 15, 
1959, p. 255, 6 pp., 4 ff.) 


Excavating Carlyle Dam’s Core Trench 

Carlyle dam, part of the Kaskaria river (Illinois) 
scheme, is projected as a rolled earthfill structure. 
6.750 ft. long, 67 ft. above stream bed, which will 
carry a 24 ft. roadway. While excavating the 20 ft. 
core trench, an awkward problem confronted the 
contractors when they reached a depth about two feet 
above bedrock. Here the soupy earth-and-water mix- 
ture encountered proved too thin to shovel and too 
thick to pump. The difficulty was overcome by 
thickening the mud with drier earth pulled from the 
cut sides into the trench bottom by means of a teles- 
coping } cu. yard excavator. The material was then 
removed in two ways. At first it was dipped up with 
the telescoping excavator and loaded into a 6 cu. yard 
end-dump truck; later, it was baled out with a 24 
cu. yard clamshell hand!ed from the top of the cut 
by a crawler crane with a 70 ft. boom. In the first 
method, the loaded wagon had to be pulled back- 
wards up a steep ramp at the end of the trench with 
a crawler tractor. Had the wagon backed down into 
the trench for loading, then headed up the ramp, it 
would have lost most of the payload by spillage out 
of the rear of the body. The upper portion of the 
trench was excavated by a 34 cu. yard crawler drag- 
line and a fleet of five 13 cu. yard bottom-dump 
wagons. Throughout the excavation operations, the 
entire area was dewatered with a wellpoint system 
along each bank. The two systems contained over 400 
wellpoints. (Engineering News-Record, Vol. 163, No. 
13, September 24, 1959, p. 46, 1 f.) 


Peru’s Water-Power Resources 

A summary of the observations is made on the spot 
by a team of EDF engineers at the request of the 
Peruvian Government with a view to setting up a 
20 year electrification plan. Peru can be divided into 
three main zones widely differing in climate and pre- 
cipitation: (1) the coastal strip, roughly 100 km. wide, 
which rises from the sea shore up to 6,000 m. in the 
Andes, and has practically no precipitation; (2) the 
high Andean plateau, east of the Cordillera, with 
abundant precipitation which collects in the tributaries 
of the Amazon; (3) the thickly wooded plain of the 
Amazon, a very damp, typically tropical region. 
Hydro-electric developments on the eastern and 
western slopes of the Cordillera are generally laid out 
to operate at discharges very close to minimum flow, 
since convenient dam sites are very scarce and the 
rivers, rising at very high altitudes, carry an enormous 
volume of solid matter. Another obvious drawback 
is that all rivers have their high-water period at exactly 
the same time, thus ruling out the possibility of 
balancing power output by means of interconnected 
systems. Nevertheless, thanks to wide differences in 
level, and owing to the high rates of discharge of the 
Amazon basin at low-water periods, Peruvian water 
resources can be harnessed very economically, and 
could meet requirements throughout a number of 
future decades. Three sites are listed at first sight as 
particularly suitable for hydro-electric development 
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under low-water conditions: (1) at Machu-Picchu, the 
famous old Inca stronghold 100 km. north of Cuzco, 
the Vilcanota river describes a loop of about 15 km. 
in developed length, which can be cut by a 2 km. 
tunnel, to provide a head of 350 m. and an output 
of 100,000 kW; on the Mantaro river, due east from 
Lima, another loop, ten times the length of the 
Machu-Picchu loop, could be cut by a 15 km. tunnel 
to create a 1,000 m. head and generate 1 million kW; 
(3) the Maranon river provides one of the most out- 

axding sites of the whole country. There, across a 
narrow gorge, an unassuming dam of no more than 
60 m. in height would create a huge regularising lake 
which would ensure a constant discharge of 6,800 cu. 
m. per sec., corresponding to an output of 3 million 
kW, no farther than 360 km. from the coast. While 
this last scheme is far above the scale of present re- 
quirements, and, in addition, is too remote from ade- 
quate consumption centres, there is no doubt it will 
be carried into effect at a later stage. Preliminary work 
on the two other schemes is likely to begin at a rela- 
tively early date. Work on the industrial and agricul- 
tural development of the Machu-Picchu region is to 
begin very soon, and the exceedingly low cost of elec- 
tric energy produced by the Mantaro river is already 
attracting the attention of aluminium producers. (M. 
Mary, Controller General of Equipment, EDF, La 
Houille Blanche, Vol. 14, No. 4, July 1959, p. 450, 
7 pp., 1 map.) 


Chinese Developments 

In such a huge territory, where life is conditioned 
above all by water, multi-purpose developments are 
the rule as it would be too difficult to tackle separ- 
ately and without any co-ordination flood control, 
irrigation and hydro-electric production. Details are 
given in this paper of the organisation of the Chinese 
Ministry of Water Conservation and Electric Power. 
its engineering departments, laboratories, plans and 
achievements. An account is given of visits to various 
large dam construction sites where coolies are still 
“operating” with small baskets. Two tables give par- 
ticulars of existing plants and of schemes now in a 
more or less advanced state of development. (J. 
Chenais, Etablissements Neyrpic, La Houille Blanche, 
Vol. XIV, No. 4, p. 439. 11 pp., 12 ff.. 1 map. 2 tables.) 
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CIVIL ENGINEERS required for HYDRAULICS 
LABORATORY. Must have university degree in civil engi- 
neering with hydraulics as one subject, or equivalent 
qualification, and preferably have some _ post-graduate 
experience in hydraulics research and practical experience 
in model investigations. Duties will be concerned with 
hydrographic surveys, and the construction and operation 
of models for investigations of river and harbour works, 
hydro-electric schemes and coast protection. Good prospects 
for advancement. Write, stating age, qualifications and ex- 
perience, to GEORGE WIMPEY & CO. LIMITED, Central 
Laboratory, Springfield Road, Hayes, Middlesex. 
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Shop assembly of a five-jet manifold for one of the 
two 28,750 h.p. Impulse Turbines for Kundah No. 1. 











Polishing the runners—at left, a 50,000 h.p. turbine, 
at right, one of the 28,759 h.p. runners. 
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Shop-testing one of the 2’6” spherical valves for 
Kundah No. 2 at a pressure of 2,140 psi. 
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“IT MAKES LIGHT 
WHERE THERE WAS DARK.” 


Rangaboyan said that. He is foreman of a 
crew pouring concrete for the Kundah Hydro- 
Electric Project in Madras. 

It would probably not mean much to Ranga- 
boyan if you told him that there are two 
Dominion Impulse Turbines at Kundah No. 1, 
developing 28,750 h.p. each under a head of 
1,186 feet, and four turbines at Kundah No. 2 
producing 50,000 h.p. each under 2,470 feet, 
and that Dominion Spherical Valves can shut 
off each turbine and hold back this enormous 
water pressure. 

He might agree politely to your statement 
that the Kundah Development is one of the 
largest Colombo Plan Projects, and that its 
total cost will amount to $70,000,000. 

And he wouldn’t know what you were talking 
about when you told him that Kundah’s total 
annual capacity of about 8 million KWH is 
enough to increase the present per capita 
consumption in Madras by 50% —from 36 
KWH to just over 50 KWH. 

Rangaboyan, you see, cannot read or write. 
Yet he said it all with simple directness—‘“‘it 
makes light where there was dark”. 


Write for Bulletin 201-59 — “Hydraulic Turbines” —to 


DOMINION ENGINEERING 


COMPANY LIMITED 





Toronto— Vancouver 
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Consulting Engineers: Merz & McLellan Associated Civil Consulting Engineers: Rendel Palmer & Tritton 
Authority > Central Electricity Generating Board, Midlands Project Group 


ABERTHAW POWER STATION 


Our photograph shows helicopters transporting concrete from land-based 
mixers to the sea-based caisson which forms part of the circulating 

water works for the Aberthaw Power Station. 

As it was found impossible to deliver concrete materials to the 

caisson by water, Edmund Nuttalls decided to use helicopters to 
transport approximately 3000 tons of hearting concrete to the caisson. 

A flect of helicopters was employed to carry the concrete skips, and 


these landed on the caisson at the rate of approximately one every minute. 


EDMUND NUTTALL 


CIVIL ENGINEERING CONTRACTORS 


EDMUND NUTTALL, SONS & CO. (LONDON) LTD., 22 GROSVENOR GARDENS, LONDON S.W.1 "PHONE: SLOANE 0036 
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for fluid service 
COCKBURNS non-return SWING CHECK VALVE 
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A large 

size valve (30’) 
suitable for 
fluid service 





Special 
Features 




















e Counter poise device minimises Slamming action. COCKBURNS LIMITED 


P P anne Cardonald, Glasgow, S.W.1 
Separate valve facing permits positive shut off London Office: 175 Piccadilly, W.1 


and easy renewal. N.E. Depot: Fish Quay, N. Shields 


* Minimum Pressure Drop COCKBURNS (NEDERLAND) N.V. 


Kethel, Schiedam, Holland 
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Essential Reading 
For Pipework Pianners 


Valve motorisation by Rotork—any size or type 
of valve—complete system of control for valves 


on, Seas ens and therefore related plant—actuators electrically 


in the manufacture of Aerial 


Ropeways has given the operated by pushbutton from any distance, or 
“Whites of Widnes” organ- . ‘ 
isation a knowledge of automatically from any data such as time, level, 
problems second to none. temperature etc. Rotork eliminate the inefficient 
ESTABLISHED 1869 human-error-prone, often hazardous conditions 
[PR created by hand operation. 
The booklet, packed with information on this 


R. WH ITE & SON S (Engineers) LTD. important development, is yours for the asking. 


P.O. BOX 2, WIDNES, LA 
Telegrams: “RAILS, WIDNES” Telephone: wieieaibeee phi ROTORK ACTUATORS FOR VALVE CONTROL 
ROTORK ENGINEERING CO. LTD., of BATH, ENGLAND. Tel: 64558 
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Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 


WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 


backed by over 20 years’ experience in this specialised field 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.1I0 














ANACOS 
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STRAND STRIPS 

















the best raw material for 


acorns the best electrical equipment 








Anacos products of copper and copper 
alloy in bare form for all electrical appli- 
cations. Wire in all sizes and diameters, 
BARS rods and bars for machining purposes 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 
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Racks and 
Rack Cleaning Machines 


for 


HYDRO-ELECTRIC POWER PLANTS 
WATER PURIFICATION PLANTS 
PUMPING STATIONS 


ENGINEERING WORKS 


JONNERET S. A. 


GENEVA (JUNCTION) SWITZERLAND 








THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, and 


Railway News. Weekly 2s. Annually £5 by post. 
DIESEL RAILWAY TRACTION 
A monthly review of world-wide develop s in diesel-engine 
design and diesel railway tricticn. 
Monthly 2s. 6d. Annually 35s. by post. 
SHIPBUILDING AND SHIPPING RECORD 
A journal ot Shipbuilding, Marine Engineering, Docks Harbours, and 
Shipping. Weekly 2s. Annually £5 by post. 
NEW COMMONWEALTH 
Describes ang illustrates significant develo »ments in production, 
trade, transportation, and related spheres in all countries of the 
Commonwealth. Monthly 2s. 6d. Annually £2 by post. 
COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
manufacturers of Colliery Equipment. 
Monthly 2s. 6d. Annually £2 by post. 
COKE AND GAS 


A technical journal dealing with the scientific and technical pro- 

blems involved in the production of coke and gas in coke ovens 

and gasworks. Monthly 2s. 6d. Annually 35s. by post. 
THE INDUSTRIAL CHEMIST 


A journal devoted to the progress of applied Chemistry and 
Engineering. Morthly 2s. 6d. Annually £2 by post. 
ARCHITECTURE AND BUILDING 
A practical journal devoted to Architecture and Building Practice. 
Monthly 2s. 6d. Annua'ly 35s. by post. 
woopd 


A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing, and use of wood in all its 





forms. Monthly 2s. 6d. Annually 35s. by post. 
FOOD 

A journal! devoted to the manufacture, packaging, and marketing of 

precessed focdstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 
A technical journal devoted to the study of all aspects of Hydro- 
Electric Development. Monthly 2s. 6d. Annually £2 by post. 
THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways and 
Locomotives. Monthly 2s. 6d. Annually 35s. by post. 
MINE AND QUARRY ENGINEERING 
Articles of technical mature cover geology, modern methods of 
prospecting, the winning of ore and stone, the dressing of ore and 
minerals, and extraction metallurgy. 
Monthly 2s. 6d. Annually 35s. by post. 
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33, Tothill Street, Westminster, London, S.W.1 
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COMPLETE INVESTIGATION, DESIGN 
AND CONSTRUCTION OF ALL TYPES 
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CONSULTANTS TO 
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The Peace River Power Development Co. Ltd. 
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Assembly at works of an 11150 kW Francis 
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Endesa, Santiago (Chile) 
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Designed for use on transformers of up 
to 275 kV, the Type M_ tap changer 
has a simple and reliable operating 
mechanism which ensures completion of 
tap change. Transition resistors—liber- 
ally rated and mechanically robust— 


minimize arcing and burning at the con- 





tacts of the diverter switches, and ease 
the switching duty. The complete tap 
changer with its motor driving gear is 
compactly assembled as a single, iron- 
clad unit and bolted to a flange on the 


transformer tank. 


Other important features: 


Any number of steps up to 18 can be accommodated Diverter switches are rapid in operation 


Continuity of supply maintained during a tap change Minimum voltage variation during a tap change 


a 

@ Once initiated, a tap change cannot be interrupted Contact bounce at diverter switches eliminated 
s 

* 


Separate drop-down _ tank allows convenient inspec- Moving contacts have single bolt fixing and are acces- 
tion of diverter switches sible from the front. 


Write for details tw 


AE! TRANSFORMER DIVISION, SOUTHMOOR ROAD, WYTHENSHAWE, MANCHESTER, 23 


or to your local AEI office 


Associated Electrical Industries Limited _ 
TRANSFORMER DIVISION 3 
Manchester 23 and Rugby 








